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C h ic kpea ( C icer ariet inum L . ) i s  one  of t h e  most cu l ti vated 
l eg u mes i n  t h e  worl d . T h ey a re g rown i n  A s i a ,  to s ome extent  i n  
Southe rn E u rop e ,  a n d  i n  pa rts of North Af r ica ( La d i z i n s ky a n d  Ad ler  
1976; S m i th son  1985) . C h i c kpeas a re categor ized i nto two maj o r  types , 
Des i  a n d  Kab u l i ,  a l so k n ow n  a s  G ram a n d  G a rba n zo .  T h e  two types a re 
p ri ma r i l y  d i st i n gui s h ed by s eed type ( co lor  a n d  s h a pe ) . Des i types 
h ave sma l l ,  s ha rp- ed g ed seeds with  rou g h  coats , a n d  colors  ra n g i ng 
from l i g h t  b rown to b l a c k  a n d  p i n k  flowers . Kab u l i  types h a v e  med i um 
to l a rge  s eed s w ith  smooth th i n  coats , a n d  c ream to w h i te s eed color 
and wh ite f lowe rs . Des i a re rega rded a s  t h e  p r i m it i ve  types f rom w h ich 
t h e  Kab u l i  types developed t h ro u g h  mutat ion and se lection  for l ig h t­
colo red s eeds a nd wh i te f lowe rs ( Moreno a nd Cu bero 1978) . T h e  w i ld 
a n cesto r  of a l l  cu lt ivated c h i c kpeas is  tho u g ht to be C icer ret icul atum 
( La d i z i n s ky a n d  A d l e r  1976 ) . 
Des i types d i s p l ay s u per ior  eme rgence compa red to Kabu l i  
types  u n de r  fie ld  con d i t ion s  a nd th i s  i s  thou g h t  to b e  a s soc i ated with 
seed lin g vigor  ( Sa x e n a  1 979) .  Genera l ly Des i  types a re con s i dered to 
be eff ic ient  p rod u cers , b u t  t h es e  c l a i m s  h a v e  not been s u bsta nt i ated by 
resea rch fin d i ng s . Des i ch i c kpeas we re fou nd to be  l e s s  s u sceptib l e  to 
the  pod bo re r ( H e l iothus armigera) a n d  a l so h a ve h i g h e r  crude  f i ber  
a n d  lowe r fat content in  the  g ra i n  th a n  Kab u l i  types ( IC RISAT 
1976/77 ) .  
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L ITERATURE REVIEW 
Root Morphology and Plant Response to the Environment 
C h i c kpea s h a ve a d i st i nctive tap root ( p r imary root) , 
adventit iou s roots ( a ri s i ng from stem t i s s ue) , a n d l ate ra l o r  s econda ry 
roots ( a ri s i n g f rom the  ta p root) . A di st i nct ive  ta p root i s  a res u lt of 
the  postpo n emen t  of s eco n d a ry root formation (Mac Key 1980a ) .  
Acco rd i n g to MacKey ( 1 980a ) , the  root s ystem pattern i s  
dete rm i n ed b y  t h e  fu n ct ion a l  a symmetry of the  ta p root vers u s  the  
n umbe r a n d  pos it ion of  s econ dary a nd h ig h e r  o rder  roots . I f  ta p root 
b ranch i ng occurs ea r ly  i n  p l a nt development then  s econda ry roots may 
compete with t h e  ta p root restr ict i ng  furt h er tap root bra n ch i ng a n d  
l ead i n g  to dow nward growth of t h e  ta p root. T h i s  re lat io n s h i p  
i nf l uences t h e  d epth a n d  w idth of the  root system . 
Root systems are importa nt  for the  a bsorpt ion of wate r a n d  
n utri ents , a n chorag e  of t h e  p l a nt i n  t h e  soi l ,  carbohyd rate sto ra g e ,  a n d  
prod u ct ion of growth metabol ites ( Dodd 1 962 ; Ko l es n i kov 1 971) . 
G e n era l ly t h e  e n v ironment p l ays a major role  i n  t h e  p ro l ife rat ion of t h e  
root system . 
T h e  eff i c i e n cy of so i l  e x p loitation depe n d s  on t h e  s pati a l  
d i stri b ut ion of t h e  root system a n d the a b i l i ty for i nc reas ed growth i n  
those parts of t h e  root system wh ich  are ex posed to favoura b l e  
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cond it ion s . Bowen ( 1 970) fou n d  that the most  importa n t  factors for 
phosphate u pta ke f rom t h e  so i l  were root e longat ion , p rod u ct ion  of new 
g rowth , a nd extent of root h a i r p rod uction . R u s se ll  ( 1 977)  s uggested 
that the major  pa rts of t h e  root system contr i b ut i n g  to n ut rit ion of 
p l a nts  a re l e n gth , s u rface a rea , a n d  vo l ume o r  weig h t . Root h a i rs a n d  
advent ito u s  roots cont r i b ute to a g reater s u rface a rea a n d  p l ay a rol e  
i n  t h e  abso rpt ion o f  wate r a nd n ut r i ents . I nc reas ed root s u rface a rea 
h a s  been · i mp l i cated a s  a mecha n i sm of p rov id i ng water to the  p l a n t  
u n der  stres s con d it ion s ( S h a rma et a l . 1 977) . Mac Key ( 1 980a ) , 
i nd i cated t h at a s h allow root system may be a dva ntageo u s w h e re l i g h t  
ra i n s a re e x per ien ced . A l a rge  root b iomas s  ( Aycoc k a n d  Mc Kee 1 975 ; 
Stofel l a  et a l . 1 979) a n d  s p read i n g  a n g le ( P i nth u s  1 967) h a ve b een 
s u ggested as  play i ng major  ro les  in  reduc i n g  lodg i ng . A l a rge tap root 
a nd hypocotyl d i amete r may p rov ide_ a strong e r  root system a n d  better 
a nchorage ( Stofel l a  et a l . 1 979 ) . 
T h e  p resence of I n do le  Acet ic  Aci d  h a s  been esta b l i s h ed i n  
ma i ze (Zea mays L.) 
1 97 4) . S ho rt a nd 
roots ( B ridges  et a l . 1 973; E l l iott a nd G reenwood 
Tor rey ( 1 972 ) demon strated t h e  occ u r rence of 
cyto k i n i n s  i n  pea roots . Rest rict ion of the  root system i n  bea n s  
( Phas eo lus vulgaris L.) res u l ted i n  red uced p l a nt g rowth , wh i ch cou ld 
be resto red by a p p l icat ion of g i bbe rel l i n s ( Ca rm i  a n d Heu e r  1 98 1 ) .  T h i s  
wa s tho u g ht to b e  i nd i cat ive  of the  root system a s  a s i te of hormo n a l  
p rod u ct ion essent i a l  fo r s hoot g rowth . 
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Genotypic Variation and Root Morphology 
Genoty p i c  va r iation h a s  been observed for root morp hology 
a n d  d i st r i b ut ion pattern s with i n  severa l p l a nt s pec i es . Ma n y  of these 
stu d i es have been con d u cted relati vely recent ly  a nd i n c l u d e  soybea n s  
( Bohm e t  a l . 1 977; G a ray a n d W i l h elm 1 983; Kaspa r e t  a l . 1 978 a nd 
1 984 ;  Raper a n d  B a rber 1 970; S iva k uma r et a l . 1 977; a nd M itche l l a nd 
R u s s e l l  1 97 1 ) ,  w h eat (O'B r i e n  1 979 ) , tomatoes  ( Stofel l a  1 983 ) , sorg h um 
( Nou r a n d  We i bel 1 978; Wr i g h t  et a l . 1 983; Jord a n  et a l . 1 979 ) , b lack  
bea n s  ( Stofel l a  et  a l . 1 979 ) , alfalfa ( Pede rson et  a l . 1 984) , pea n ut 
( Ket r i n g  1 984 ) , oats (Ba rbo u r and M u rph y  1 984 ) , a n d  ch i c kpea 
( N aga raj rao et a l . 1 980) . 
Root mo rph ology i s  d iff i c u  It to rel ate to oth e r  p l a nt 
cha racter i st ics  b u t  a few stud i es cover i n g  a ra n g e  of c rops h a ve 
attempted to esta b l i s h  re lat ion s h i ps between root morp holog y  a n d  p l a nt 
g rowth . Res u lts  of stu d ies  on b l a c k  d rybea n s  s u ggest  root b iomas s  to 
be a n  i mporta nt  component of lodg i n g res i sta n ce ( Stofe l l a  et a l . 1 979) . 
H i g h  root we i g h t ,  b i o log i ca l  y i e ld , u p root i n g  res i sta n ce ,  a n d  l e s s  
lodg i n g  were i m p l i cated a s  i n d i cat ive of h i g h  seed y i eld . Oth e r  
co r relat ion s esta bli s h ed were between ta p root wei g ht a n d  d i amete r ,  a s  
wel l  a s  stem d i a mete r .  I n  g reen gram ( Vigna  radiat a) s eedli n g  root 
n u mbers , root len gth , f res h shoot wei g ht ,  a nd d ry root wei g ht we re all  
fou nd  to be co r related to seed y ie ld  between genotypes ( Ra n ga s amy a nd 
S h a nm u g a n  1 985) . H igh g ra i n  y i eld , seed n u mbe r ,  a n d  pla nt h ei g ht i n  
non stress ed oat s eedl i n gs were fou nd to b e  a s soci ated w ith  h i gh root 
len gth (Ba rbo u r a .n d M u rph y  1 984) .  
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D i fferences  i n  root morphology (tap root l e n gt h  a n d  g rowth 
rate , n u mbe r of l atera l roots , a nd root wei ght)  h a ve been observed 
with i n  soybea n cu lt i va rs ( Ra pe r  a nd Ba rber 1970; Ka s pa r et a l . 1978) . 
Kas pa r  et a l . (1978 )  reported va r ia b i l ity between c u lt i va rs fo r root 
e longat ion d u ri ng va rio u s  stages of rep rod u ct ion . C lea r d i ffe ren ces i n  
the  root d i str i b ut ion  a n d  s u rface a rea of soybea n va r i et i es g rown a s  
s i ng l e  p la nts were demonstrated b y  Raper a nd B a rber ( 1 970) . T h e  
h ig h est con centrat ion o f  p r i ma ry late ra l roots wa s fou n d i n  t h e  top 0 . 1 5  
m of so i l . Below th i s  l ayer  t h e  tap root red uced to t h e  same d i a meter a s  
p rima ry l atera l s  w ith  very l itt l e  b ra n ch i ng . S im i l a r obs e rvation s by 
M itch e ll and R u s se l l ( 1 97 1 ) l ed to the conc l u s ion t h at root behav iou r 
with i n  the top 0 . 1 5  m of the  soi l s u rface i s  ch a racter i st i c  of the  root 
morpholog y  of soybea n . Ka s pa r et a l . ( 1 984) s u ggested that the  rate 
of tap root e lon gat ion was related to __ root depth i n  soybea n . A s low rate 
of e lon gation was a s soc i ated with  less  roots i n  the  soil p rof i le . 
M i tch ell a n d  R u s se l l ( 1 97 1 ) s u ggested that  root g rowth of 
soybea n occu rs i n  th ree stages; vegetat i ve top g rowth wh i c h  i s  
accompa n i ed b y  dow nwa rd tap root a n d sh a l low hori zontal late ra l root 
development; flowe r i n g a n d  pod fo rmation wh i ch accompa n ies root 
development to 0 .  76 m depth , a n d  seed matu r ity wh i ch come s  at the  
t i me of l atera l root pen etrat ion deeper i n to the so i l  p rof i le . 
H ete ros i s was fou nd for len gth of sem i n al root , g rowth rate of 
advent it iou s roots , a n d  root volume i n  sorg h um ( Blum et al . 1 977 ) . T h e  
la rger  root volume w a s  thou g ht to b e  a res ult of i n c rea s ed root n u mbers  
a n d  g rowth of late ral b ra nches .  Th i s  s eems to a g ree w ith  t h e  f i n d i n g  
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by Jordan et a l . (1979 ) wh i c h  s uggested that t h e re i s  s u ff ic ient· 
va r iab i l i ty i n  sorg h um to wa rra n t  fu rther  res ea rch for imp rovement of 
sorg h um root systems w h ich  may a l low s u pe rior  c rop pe rforma n ce i n  
specif ic e n  v i  roments . 
Va r iab i l ity for ta p root l ength a n d  n umber of l atera l s  wa s 
obse rved i n  cotton ;  as  wel l a s  corre lat io n s  w ith  s hoot g rowth 
(Qu i se n be r ry et al . 1981 ) .  Root mo rpholog i ca l  d i ffe ren ces amo n g  tomato 
cu lt i va rs we re s hown to be rest ri cted to basal root weig ht ( Stofe l la 
1983 ) .  G e n et i c  va r i a b i l i ty fo r root cha racte r i st ics i n  a lfa l fa were i n  
l ate ra l root n umbers , a n d  root d i ameter ( Ka spa r et a l . 1984) . Ketr i n g  
( 1 984) demonst rated va r i a b i l i ty for root vol ume i n  pea n u t .  
Root d i str i b ut ion  wa s s hown to d i ffer amo n g  c h i c kpea va r i et ies 
u n der f ie ld  con d it ion s ( Naga raj rao et a l . 1 980) ; b u t  a re lat ion s h i p  
between root mo rphol ogy a n d  moi stu re deplet ion was not a lways ev i de n t .  
T h e  qua nt ity of ch i c kpea roots dec reased con s id e ra b l y  w ith depth a nd 
beyond 0 . 45 m t h e  q u a nt ity wa s not a p p rec i a ble . However ,  va r i a b il ity 
i n  root we i g ht a n d  d i str i b ut ion  n ea r the  soi l s u rface ex i sted between 
va r iet ies .  T h e  v a r i ety w h ich  ex h i b ited the  lowest root ma s s  i n  t h e  
u pper po rt ion  of the  soi l p rof i l e  had  mo re act i ve nod u l es , a s i g n  of root 
effi c iency . No ment ion  was made of d i fferent ch i c kpea types . G e n otyp i c  
d i fferen ces i n  c h i c k pea root behaviou r fo r vert i ca l  a n d  hor i zonta l  
b ra n ch i ng of roots was c ited by M i n ch i n  et  a l . 1 980 . S i n g h  et  a l . 
( 1 980) , reported that root d ry wei g h ts of ch i c kpea dec rea se w ith  d epth . 
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Environmental Effects on Root Morphology 
P l a nt b reed i ng se lection cr ite r i a  a re u s ual ly  ba sed on  s hoot 
a n d  oth e r  a bove g rou n d  cha racter i st ics , a n d  not root c h a racte r i st ics . 
MacKey ( 1 980a ) i s  of t h e  op i n ion that i n  the  ea r l y  stages of p l a nt 
g rowth the  genet i c  pattern of root development i s  a l ready dec i ded; 
whateve r  h a ppen s thereafter is  the  effect of the  env i ron ment . Each 
s pec i es a nd genotype h a s  a d ifferent  genet ic  patte rn w h i c h  res po n d s  
d i ffe rent ly to en v i ronmenta l stresses . I t  i s  the  a b i l i ty fo r a certa i n  
gen et ic framewo r k  to s ucces sfully adj u st to p reva i l i ng e n v i ronmenta l  
cond it ions t h at i s  of i nterest d u r i n g  most  of the g row i n g  s ea son . 
C h i c kpea root we i g hts a n d  rep rod uct i ve g rowth h ave been 
s hown to i n c rea se w i t h  photoper iod . Economic  y i el d  of c h i c kp ea s eems to 
depend on the rate of root sen escen ce. wh i ch i n  tu rn is i nf l u e n ced by 
tempe ratu re and s hows va r i a b i li ty among va r i et i es ( M i nch i n  et a l . 1 980) . 
T h ey s uggested t h at rap i d  root senescence d u r i n g s eed f i l l i n g  restr i cts 
the  ab i l i ty of the pla n t  to ex plo i t  add it ional so i l  volu me a n d  may result 
i n  lowe r y i elds . Phy s i ca l  p ropert ies of the so i l  a re i mpl i cated i n  p l a nt 
root g rowth . Mal i k et a l . ( 1 985) demo n st rated an  i nc rea se  i n  root 
g rowth of ch i c k pea w ith  i n c reas i ng clod s i ze .  
Stofella ( 1 98 1 ) repo rted a pos it i ve effect of i nc rea sed row 
s pac i n g  on tota l root wei g h t ,  s hoot we i g h t ,  a n d  stem a n d  hypocotyl 
d i amete rs of k i d n ey bea n s . Volume of the root med i a  may affect p l a nt 
g rowth . Ca rm i  a n d  H eu e r  ( 1 98 1 ) s howed that a l i m i ted root system 
restr icts s hoot g rowth . T h ey s u ggested a h o rmo n a l  mech a n i sm i n vo lv i n g 
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g ibberel l i n s o r  cytoki n i n s . 
Root mo rpholog y  d iffers between p la nts g rown a s  s i n g l e  p l a nts 
and rows ( Ra p e r  a nd Ba rber 1 970) . P r ima ry b ra n c h es of s i n g le p l a nts 
tend to l eave t h e  tap root at  much g reater a n g l es a n d  con t i n u e downwa rd 
th roug h t h e  soil  w i t h  fa i r l y  con sta nt slopes . I n  row p l ots p r ima ry 
bra nc h es s p read outwa rd a nd cont i n ue towa rd the center of the  row for 
vary i n g  l e n gt h  b efore a n gl i n g  s h a rp l y  downwa rds . 
Knowledg e  of va r i at ion i n  root t ra its  i n  res po n s e  to 
-en v i  romenta l con d it ion s i s  neces s a ry fo r u s e  i n  c rop imp rovement . Some 
e n v i ronmenta l  factors rest r ict i n g  root g rowth a n d  fu n ct ion  i n  the  soil  
a re d i sc u s s ed i n  t h e  follow i ng section s .  
Sa l i n ity :  
Most o f  t h e  wor ld's non - a ra b l e  la n d s  a re affected by n atu ra l 
s a l i n i ty ;  i n  add it ion  to these  t h e re a re soi l s  w h i ch b ecame sal i n e  
th rou g h  i rr i gat ion waters a n d  fe rt i l izer  a pplicat ion . T h e  a b i l i ty of p l a nts 
to surv i ve u n d e r  suc h  con d i t i o n s  p r ima r i ly depen d s  o n  t h e  success o r  
fa i lure of roots to p rol i fe rate . H i g h  sod i u m ch lor ide  co ncen t rat ion s 
gen e ra l ly red u ced g e rmi n at ion  of ch ic kpea va r i et i es ( K h e rad n am a n d 
Ghora s h y  1 973; K u ma r  et al . 1 980) . M u n ch a n d a  a n d  S h a rma ( 1 980) 
obse rved i nc rea s ed pod an d g ra i n  numbe rs i n  c h i c kpea pla nts  g rown 
u n de r  sal i n e  con d it io n s  ( a l most tw i ce t h at of t h e  con t ro l ) .  T h ey 
suggested t h at t h e  red u ced vegetati ve g rowth un d e r  s a l i n e  con d i t i o n s  
coul d h ave resulted i n  . a developmental s h i ft .  Reduced s eed s i ze ,  
prote i n content  a n d  1 00 seed wei g h t  ( about 37% l e s s t h a n  cont rol) were 
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observed u n der  sal i n e  con d it ion s ( Kuma r et a l . 1 980) . Sa l i n i ty ca u sed 
a delay i n  t h e  g e rmi n at ion of c h ic kpea (Ja iwal et a l . 1 983 ) . S hoot a nd 
root lengt h s  dec reas ed w ith  i nc rea s i ng  s a l i n i ty a n d  s hoots were more 
affected th a n  roots . Development of late ra l roots was dep res sed a nd the  
effect was thou g ht to  be re lated to water stress . The  effects of 
a l ka l i n i ty a n d  sa l i n i ty on ch ic kpea were repo rted a s  de layed emergence,  
poor p l a n t  g rowth , a n d morta l ity u n der  f ie ld  cond it ion s ( S i n g h  a nd 
S i n g h  1 984) . T h ey a l so observed va r ieta l d ifferen ces i n  respo n se to 
these stres ses . 
·Va r i a b i l i ty for res po n s e  to s a l i n i ty h a s  been obse rved amo n g  
a n d  with i n  s pec i es . Dev itt e t  al . ( 1 984) ,  wor k i n g  w ith  so rg h um a n d  
wheat,  demo n st rated d ifferences between t h e s e  s pec ies  i n  res po n s e  to 
sal i n e  con d i t ion s . Root d ry matte r a n d  elon gat ion dec reased a s  N a  
concentrat ion i nc rea sed i n  sorg h um ;  wh e reas i n  w h eat , 
i n creas ed a s  N a  con cent rat ion  i n c rea sed . F ra ncoi s  
root elongat ion 
et a I .  ( 1 984) 
ex pla i n ed y i e ld  red u ct i on of sorg h u m u n der s al i n e  con d i t ion s a s  a res ult 
of lowe r wei g ht per  h ead . T h ey also noted t h at sorg h u m wa s more salt 
tole ra nt at g e rm i n at ion  th a n  at a n y  oth e r  g rowth sta g e . Althou g h  l a rg e  
envi ronment x genotype i nteract ion s ma ke b reed i n g d i ff i c u l t, tole ra n·c e 
of N a C I  d u r i n g g e rm i n at ion  h a s  been shown to be a h ig h ly he r ita b l e  
tra i t  i n  alfalfa ( Allen et al . 1985) . Most stu d ies on sal i n ity h ave been 
at the seed g e rm i n at ion  sta g e  wh i ch may not reflect w h at w i l l  h a ppen at 
late r stages . Howeve r ,  s i n ce g e rm i n at ion i nvolves a b i l i ty of the rad i cle 
a n d  s hoot to eme rg e  a n d elo n gate, i t  should p rovi de  c r i t ica l i nformation 
about the l im i tat ion s t h at sali n i ty i mpose on pla nt  g rowth . I n  c h i c kpea , 
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respon ses ran ged f rom poor emergence to de layed eme rgence,  w i t h  some 
good sta nd s  a nd p l a n t  g rowth obta i ned ( Khera d nam a n d  G ho ra s h y  
1 973) . 
Moisture Stress: 
G e n e ra l ly the  e n v i ronmen t  p l ays a major  rol e  i n  the  
p rol ife rat ion of t h e  root system. When  water a nd n ut rients a re a b u n da nt 
the root system w i ll  n ot be exten s i ve i n  g rowth; t h e  oppos i te i s  t ru e  
when water a n d  n utr i en t  s u pp l i es a re l im ited (MacKey 1 980b ) . I n  cases 
where ava i l a b l e  water i s  located deepe r  i n  the so i l p rof i l e ,  the root 
system w i l l  be d eep a n d  mo re d ry matter w i l l  be a l located to t h e  roots . 
Both hor i zonta l  a n d  v e rt i ca l  pa rts of the  root system h av e  importa nt  
roles to  p la y  in  va r i a b l e  cl imates . 
Root c h a racte ri st ics  h ave qften bee n  imp l i ca ted a s  p l ay i n g  a 
majo r  ro l e  i n  d ro u g h t  res i sta n ce of severa l c rops ( Nou r a nd Wei bel  
1 978; H u rd 1 968) . The capac ity of the root system to p rov i d e  t h e  
n eces sa ry moi stu re t o  the  p l a nt depend s  o n  the  root s u rface , i ts 
eff ic iency ,  s pat i a l  d i str i b ution i n  the so i l  a n d  f i b ro u s  n es s  
( Ma c Key , 1 980b ) . T h e  opt imal s i ze fo r a d e s i rable o r  eff i c ien t  root 
system u n der  con d it ion s of moi stu re st ress  i s  u n k n own a n d  a matter of 
controversy . P a s s iou r i  et a l . ( 1 972) s u ggested that sma l l - rooted pla n ts 
may u se wate r mo re eff i c i ently u nder  con d i t ion s of l im ited water 
ava i la b i l i ty; the  a lter n at i ve wh i c h  i s  held by most a ut h o rs i s  t h at 
exten s i ve root systems ca n e x p lo re more so i l  vol u me a n d th e refore 
tra n spo rt mo re wate r to the p l a nt ( G a ray a n d  Wi l h em 1 983 ;  S a l i m  et a l . 
1 965) . S h a l low roots h ave  been con s i dered a pos s i b l e  adva ntage w h e re 
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l i g ht ra i n s  a re e x pe r ienced ( Mac Key 1 980a ) .  
G a ray a n d  Wi l he lm ( 1 983 )  demon strated t h a t  u nd e r  d ro u g h t  
con d it ion s ,  root den s ity va r ies w ith  moi stu re depth , i . e . low a t  t h e  d ry 
s u rface l ayer  of t h e  soi l a nd m u c h  h ig h e r  at deeper moi st l ayers . T h e  
impli cat ion i s  that root p ro l iferat ion fol lows moi stu re path s . Wel l  
wate red p l a n ts of ma i ze ex h i b i ted g reater length s a t  u pper so i l level s 
w h e reas i n  d ro u g h t  stressed p l a nts , roots penet rated d eeper i nto the  
so i l  p rofi l e  a nd we re l es s  den se at s u rface leve l s  ( S h a rp a n d  Dav ies 
1 985) . Also soi l moi stu re deplet ion rates for u nwatered plan ts we re 
h ig h e r  per u n it  root l ength  as compa red to wel l -wate red pla n ts . 
S a l i m  et a l . ( 1 965 )  fou nd that d ro u g h t  tole ra n t  v a r i et ies of 
wheat ,  oat a nd ba r ley pos sessed longer  roots a n d  h a d  a h ig h e r  root 
den s i ty i n  the  soi l p rofi l e .  Va r i a b i l ity was show n  to ex i st for root 
c h a racte ri st ics  w ith i n  s pec i es . H u rd ( 1 968) demo n st rated va r i a b i  I i ty i n  
th e rate of root penet rat ion i nto d ry soil  a n d  mo re g rowth i n  wet soi l 
laye rs . Depth of i r r igat ion was fou nd  to affect rooti n g  pattern of 
alfalfa . Joda r i et a l . ( 1 983 )  fou n d that non - i rr i gated p l a n ts p rod u ced 
exten s ive root s ystems compa red to the i r i r ri gated cou nterpa rts , i . e .  
had  g reater l e n gth . 
S h a rma a n d  G h i l daya l ( 1 977 ) i n d i cated that u n d e r  moi stu re 
stres s roots become lon g e r  a nd f i n e r ,  th u s  i m p l icat i n g  i nc rea sed s u rface 
a rea as the  mec h a n i sm of p rovi d i n g  water to the  p l a n t .  
H i g h
. 
i r r i gat ion freq u e n cy p romoted development o f  a s h allower 
root system i n  wheat a s  compa red to low freq u e n cy i r r i gat ion ( P roff itt 
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et al. 1 985) . T h e  exp l a n at ion g iven wa s that d ry con d it ions  a t  the 
u pper l ayers of  low f requency i rr igat ion i nd uced p l a nts  to exp lore 
favou rable con d it ion s at  d eeper l eve l s . The  impo rta nt  factor s eems to 
be h i g h  root l e n gt h s i n  wet reg ion s of the p rofi l e. P l a nts w ith  roots 
that g rowvigorou s l y  te n d  to fol low the receed i ng water ta b l e  i f  the 
g row i n g  sea son beg i n s  with  a f u l l  soi l p rofi l e .  T h e  tra its  w h i c h  seem to 
be as soc iated with  thes e  a re; root s i ze ,  d i amete r ,  l en gth , a n d  
b ra n c h i n g .  Mc i n tos h a nd M il l er  ( 1 981 ) demo n st rated that root 
b ran .ch i n g of a l falfa i s  l i m ited by moi stu re stres s ,  a nd conc l u d ed that 
so il  moi stu re i nf l u ences the  e x p res s ion of the  b ra n c h i ng t ra i t i n  a lfalfa . 
When wate r i s  rea d i ly ava i l ab le the p l a nt's i nc reas ed d ema nd 
for wate r ca n be met by an  i n c rea se  i n  root den s ity o r  i nc rea se  i n  
absorption eff ic iency pe r u n it of root length  ( Re icos ky et a l . 1 972) . In  
soybea n ,  ma x im u m  root depth corres ponds  with  depth of  ma x imum water 
upta ke;  i n  contra st co rn  s h owed root depth s wh i c h  were 0 . 1 5-0 . 30 m 
beyond the  water u pta ke s i n k ( Al ima ras et a l .  1 975) . T h e  g reatest soi  I 
water dep l et ion wa s fou nd at g reater dept h s  of root d i st r i but ion  
patte rn  in  soybea n ( Ston e  et  a l . 1 976) . T h i s  wa s attr i b uted to  t h e  fact 
that  roots a re you ng e r ,  les s c rowded , h a ve mo re s u rface a rea , a n d a re 
i n  wette r pa rts of t h e  so i l  p rof i le . O n  the s a me bas i s ,  Tay lo r a n d  
K l eppe r ( 1 973) con c l u d ed t h at water u pta ke w a s  g reatest a t  lowe r root 
den s it i es, a n d postu l ated t h at roots deep i n  the  p rof i le p roba b l y  a re 




Most root mo rp ho logy stu d i es do not i nc l ude tempe ratu re a s  a 
va r iab le . Sto n e  a n d  Tay lor  ( 1 983) , wo r k i n g  with soybea n ,  d emo n s t rated 
that the rate of ta p root e longat ion i nc reased w i t h  tempe ratu re a n d  
decreased w ith time a t  tempe ratu res g reater tha n 1 7 ° C . Rate of l ate ra l  
root exten s ion  a l so i nc rea sed with  temperatu re a n d  t ime at temperat u res 
less  t h a n  29 ° C . He s u ggested the pos s i b ili ty of a lte r i n g  the rate of 
elon gation t h roug h  tempe ratu re ma n i p u l at ion i n  o rd e r  to i n c reas e  root 
length du ri ng d ro u g h t  stres s . Va r i a b i l ity ex i sted amo n g  v a r i et i es for 
rate of e lon gat ion i n  res pon s e  to temperatu re .  
I n  cotton i t  wa s s h own that there was a temperatu re optima 
for root a nd h ypocoty l e lon gat ion a n d  th i s  opt ima s h i fted w ith  t i me a n d  
g rowth stage ( A r n dt 1 945) . Favora b le tempe ratu re for seconda ry root 
development was l e s s  favou ra ble for hypocoty l a n d  p r ima ry root 
elon gat ion . S u p raoptima l  a n d  s u bopt ima l temperatu res s u p p res s ed 
seco n da ry root i n i t i at ion . I n  blue  g ra n a  ( Bonte lona grani l is ), the 
l a rgest n u mber of advent it iou s roots per seed l i n g were i n i t i ated at  30 ° C  
a n d  1 5 ° C .  wa s the  m i n i m u m  (Br i s ke a n d  Wi l son 1 977 ) . Temperatu re i s  
imp l i cated a s  ve ry i mporta n t  i n  sta nd  esta bl i s h ment  w h i c h  depe n d s  o n  
the rate of root elo n g at ion that i s  s uffi c i ent to keep a po rtion of the 
root system i n  moi st so i l . 
MATERfALS AND METHODS 
F IELD AND GREEN H OUSE EXPERI MENTS TO EXAM I NE GENOTYPIC 
VARIABI L ITY 
Expe r i ment 1 : S i x  C h ic kpea access io n s  were u s ed i n  
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study d u ri n g w i nter 1 983 , two f rom each  of Kabu l i ,  Des i ,  a nd 
i ntermed i ate types . T h e  fo l lowi n g  acces s ions we re u sed: 
CU LT I VA R TY P E  SOURC E S E E D  CO LO R  
lcc - 58 1 0  Des i I n d i a  B la c k  
X81 - th 1 05 I n te rmed iate I C A R DA Wh i te 
llc-482 Ka b u l i  Tu rkey Wh i te 
l cc - 1 1 524 Des i IC RISA T  B rown 
l lc- 1 9 1 9  Kabu l i  · I n d i a  Wh ite 
X8 1 th - 1 1 1  I ntermed i ate I CA R D A  Wh ite 
The g rowi ng m i xtu re was p repa red by m i x i n g clay so i l ,  s a n d  
and peat i n  t h e  rati o  2 : 1 :1  ( v/ v ) , res pecti ve l y . Fou r s eed s o f  each 
va r i ety we re p l a nted 20 mm deep i n  clay pots 1 32 mm i n  d i a meter a n d 
1 35 mm deep . Afte r two wee k s , seed l i n g s  we re t h i n n ed to two u n ifo rm 
pla nts/pot . Pla nts we re watered adequ ate ly every oth e r  day to p revent 
moi stu re stres s .  Tempe ratu res in  the  g reen hou se  we re ma i nta i n ed at 
25 ° C  th roug hout the  g rowi n g per iod and no s u pplementa l l i g h t i n g  wa s 
p rov i ded .  Pl a n ts we re al lowed to g row to flowe r i n g  aft e r  w h i ch 
mea s u rements were ta ken . Root was h i ng was don e by i n it i a l ly soa k i n g  
t h e  pot i n  wate r to soften the  soi l . T h e  f i n a l  clea n i n g wa s d o n e  on  a 
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200mm soil s i eve by water d i rected f rom a s p r i n k l e r  h ead. The whole 
p l a nt with i ntact root system was t rapped on the s c ree n , a n d  then cut  
i nto d i fferent  pa rts. Late ra l  root n umbe r ,  a n d  s hoot a n d  root d ry 
wei g hts were reco rded . Res u lts we re a n a lysed a s  a comp letely  
ra n domized des i g n  w i t h  fou r  rep l i catio n s . 
Ex periment  2 :  T h e  exper iment was con d ucted at two locat ions  
( H i g hmore and B roo k i n g s )  d u r i n g  s u mmer 1 984 ,  u s i ng s i x  ch i ckpea 
acces s ion s . T h ese  were t h e  same acces s ions  as those u s ed i n  ex pe r iment 
1. P l a nt i n g  was don e  by u se of a j a b  p l a nte r  i n  h i l l s s paced 0 . 90 m .  
a pa rt a nd seeds p laced a bout  40 mm deep . O n e  row of twe n ty- seven 
pla nts was con s i d e red to be a p lot in a ra ndomized complete b l oc k  
des i g n  w ith fou r  rep l i cat ion s .  
Root exca vat ion s were done at f lower i n g  u s i ng a 77  mm 
d iameter t u be .  S a mp l i n g  depth wa s 0 . 1 8  m a n d s a mp l e  s i ze was f ive 
p l a nts  per  acces s ion  per  rep l i cat ion u n less  oth e rw i s e  stated . Roots were 
was hed by water d i rected f rom a s p r i n k l e r  h ead a n d  sto red at  4 ° C  u nt i l  
a l l  data had been col l ected . Tap root d i ameter, l ate ra l root n u m be rs on  
t h e  top 0 . 1 m of the  ta p root , and s hoot d ry wei g h t  we re reco rded . 
E x per iment 3 :  Fou r access ion s were chosen  fo r t h e  1 985 
season on th e ba s i s  of the  res u l ts of the f i rst ex per iment  ( 1 984 ) . T h e  
fou r access ion s ( I CC 58 1 0 ,  I LC 482 , I CC 1 1 524 a n d I LC 1 9 1 9 ) were 
p l a nted at B roo k i n g s  by u se of a j a b  p l a nter  i n  h i l l s  0 . 6 m a pa rt .  
A noth e r  set wa s p l a nted i n  rows 0 .  60 m a pa rt a n d  0 . 1 m w i th i n row 
s paci n g .  
1 7  
F i rst samples were h a rvested at f lower i n g  u s i n g  a 77 mm 
d iameter tu be. S am p l i ng depth was 0. 1 8  m ove r  the row a n d  samp le  s i ze 
was f ive p l a nts per rep l i cat ion per cu lt iva r for both sets . S a mp l es were 
soa ked ove rn i g ht i n  water conta i n i ng ca lgon a n d  was h ed t h e  n ext day i n  
a H yd ropn eumat ic  root wa s he r  ( Sm u c ke r  et al. , 1 982 ) . 
Second samples were ta ken at podd i ng for root l en gth 
mea s u rements . Samp l i ng was don e  by mea n s  of a 55 mm d iameter tu be 
d ri ven i nto the  soi l to a depth of 1 . 20 m .  T h e  soi l co l u m n  was d i v i ded 
i nto 0 . 1 m sect ion s for mea s u rement of root l e n gth at  d i ffe ren t  depth s .  
Samp le  s ize was two p l a nts per  cu lt iva r per rep l i cat ion. S a m p l es were 
ta ken 0 . 05 m away f rom t h e  p l a n t  stem i n  ord e r  to a vo i d  t h e  tap root. 
Data collected i n c l u ded n umbe r of l atera l roots a nd tap root d ia meter 
( not on root l e n gt h  samp l es )  fo r the  top 0 . 1 m of tap root . D i a meter was 
mea s u red by mea n s  of � g rad uated mag n if i e r . Root l ength was 
determ i ned u s i n g a mod if ied N ewma n p roced u re ( Bohm ,  1 979 ) of 
cou nt i n g  the  n umber of i nte rcepts between roots a nd ra n dom st ra i g ht 
l i n es .  S hoot wei g h ts a n d y i e l d  were a l so mea s u red . 
En v i ron menta l Var i ab i  I ity 
E x pe r ime n t  1 :  T h e  ex pe r iment was con d ucted to dete rm i ne 
the  effect of sal i n ity o n  germi nation , root devel opment, a n d  p l a nt 
g rowth. Fou r chi c kpea l i n es were u sed ;  two f rom t h e  sa lt tole ra n ce 
screen i n g ex p e riment ,  ( I CC 49 1 8  a n d  I LC 1 34)  a n d  two from t h e  
g reen ho u s e  a n d  f i eld ex per iments con d u cted i n  1 983 ( I CC 11524 a n d  I LC 
482 ) . 
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T h e  e x pe r ime n t  was con d u cted i n  a cool ed g reen ho u se i n  
summer 1 985 . Temperatu res were ma i nta i n ed at 25 ° C  a n d  s u pp l ementa l 
l ig ht i n g  was p rov i ded by h ig h  p ressu re sod i um l amps for 1 0  h rs eac h  
day . Fou r types of soi l s  a n d  a g reen h o u s e  m i x t u re (2: 1: 1 
soi l : peat: s a nd v/v )  we re u sed .  T h e  soi l s  were : Rya n cu lt i v ated , Rya n 
u ncu lt ivated ( F i ne ,  Montmo ri l lon i t ic  ( ca l ca reo u s ) , F r i g id Ve rt i c  
H a ploquol l s ) , L u dden c u l t ivated a n d  Lu dden u nc u l t ivated ( F i ne ,  
Montmo ri l lon i c  F r i g i d  Typ i c  Natraquol l s ) . so i l test i n g  res u lts fo r thes e  
soi l s  a re g i ven i n  a ppen d i x  A .  
· T h e  ex pe r i ment  was con d u cted i n  two sets ; o n e  set was 
ha rvested at f lowe r i n g  for root a n d  s hoot mea s u rements  a n d  the oth e r  
set ta ken th rou g h  matu r ity for y ie ld  component mea s u rements. T h ree 
seeds were sown i n  a 1 23 mm d i ameter x 1 62 mm deep porcel a i n  pot at  a 
depth of 20 mm . T h i n n i ng wa s don e th ree weeks  l ater  to l eave two 
p l a nts i n  each  pot . Pots wh ich  d i d  not conta i n  t h e  req u i red n umber of 
p l a nts were rep l a nted . P l a nts we re h a rvested at f lowe ri n g  for 
mea s u rement of root a n d  s hoot d ry weig hts , tap root d i a meter ( mea s u red 
on f res h samp l es by mea n s  of a g ra d u ated mag n if i e r ) , a n d  latera l root 
n umbers ta ken on top 0 . 1 0  m of the  tap root . Pod a n d  seed n u mbers  
we re ta ken at matu r ity . Res u l ts we re a n a l ys ed a s  a com p l ete l y  
ra n dom i zed des i g n  w it h  t h ree rep l i cation s .  
E x pe r i me nt 2 :  Moi stu re st ress ex per i ment .  T h e  s ame fou r 
cu lt iva rs u sed i n  t h e a bove ex per iment we re g rown u n de r  f i ve moi stu re 
treatments i n  th e g ree n ho u s e  i n  p l a st ic  pots of 1 60 mm d i amete r a n d  1 30 
mm depth . T h ree s eed s we re pla nted i n  each pot at  20 mm depth . Two 
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weeks  later pla n ts were th i n n ed to one per pot . The  m i xtu re u s ed was 
c lay so il : s a n d : peat i n  the rat io  2 : 1 : 1 ( v/v ) , respect ivel y . A moi stu re 
cha racter i st ic  cu rve for th i s  m i xtu re was developed ( Appen d i x  E )  by 
u se of a p res s u re plate . Moi stu re t reatmen ts were as fo l lows : 0 . 26 9 
water/9 soil , 0 . 1 5  9 wate r/9 soi l ,  0 . 08 9 water/g soi l , 0 . 06 g wate r/9 
soi l ,  a n d  cyc l es of 0 . 26 9 water/9 so i l  a n d  0 . 06 9 water/9 soil . T h e  
a bove moi stu re t reatments cor respond to water potent i a l s  of 0 ,  -0 . 33 
ba r ,  -6 ba r ,  - 1 2  ba r a nd a 0/- 1 2  ba r cycle  res pect ive l y .  
A k n own we i g ht of soi l wa s u s ed pe r pot . For t h e  f i rst two 
weeks  a l l  pots we re watered adeq uately (f ie ld  capacity) to a l low for 
germ i nat ion . T h en moi stu re treatments we re i mposed by wei g h i n g pots 
eve ry day a n d  add i ng water as d ictated by the  moi sture cha racte r i st ic  
cu rve . Th i s  res u lted in  the development of  va ry i n g  degrees of  vert i ca l  
moi stu re g ra d ients with i n  the  pot . T h e  0 . 26 g I 0 . 06 g cycle  treatment 
was a l lowed to d ry to the same wate r content ( by wei g ht )  as the 0 . 06 g 
treatment befo re i t  was rewate red to the 0 .  26 g l eve l . Temperatu res i n  
the g reen house were approx imately 25 ° C  a nd no s u pp l ementa l l i g ht i n g  
wa s p rov i ded . Soi l samp les  we re ta ken from eac h  t reatment ( the  ent i re 
depth of the  pot) a n d  d i v i ded i nto 20 mm sect ion s for mo i stu re p rof ile 
mea s u rements . A com p l etel y ra ndom i zed des i g n  w i th  four repli cation s 
was u sed .  Pla nts were ha rvested 28 days after  p l a nt i n g  a n d  roots 
was h ed on  a 200 mm soi l s i eve w ith  wate r d i rected f rom a hose . Root 
length , tap root l e n gth , n umber of l ateral roots ,  a n d  ta p root d i amete r 
for t h e  top 0 . 1 0 m of t h e  ta p root we re reco rded . 
E x pe r i ment  3 :  A n  e x pe r iment was con d u cted to dete rm i n e  the  
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effect of sali n ity a n d  moi stu re stress on germ i natio n , root development ,  
and  g rowth of ch i c k pea . Twenty fou r  acces s ions  of ch ic k pea were ta ken 
at ra n dom f rom the g e rmp lasm ( a ppen d ix B ) . Th ree osmot icum were 
used : sod i um chlo r i d e ,  calc i u m  ch lor ide,  a n d  ma n n itol , each p repa red to 
concentratio n s  g iv i n g  osmotic potent i als of 0,  -4, -8 a n d  - 1 2  ba rs a s  
determ i n ed b y  Van ' t Hoff's eq uat ion . 
Tr = RTn I V 
R = gas con stant  
T = tempe rature 
RT = 22 . 1 2 l i te r ba r1 at 20 ° C  
n = mol es of so lute . 
V = volume of so l  uti on . 
i i  = osmot i c  potent i a l  ( -ba rs) . 
Water potent i a l s  we re ver if i ed by mea suremen ts on  a Wesco r dewpoi n t  
microvoltmeter ( H R-33T ) a n d  ch amber model  C -52 . Elect r ical 
conduct iv i ty fo r a l l  so lut io n s  was chec ked on  an I n dustr i a l  I n stru ments 
Conduct iv i ty B r i dge · (mode l  R C ) . 
G e rm i n at ion  wa s done i n  acco rda nce w ith  recommen dat ion  of 
the P roceed i n g s  of t h e  A s soc i at ion of Off ic i a l  Seed A n a l ysts ( vo lume 60 
No . 2 ) , except fo r seed n umber wh i c h  wa s l i m ited by ava i l a b i l ity . 
F ifteen seed s of eac h  l i n e we re used per treatment . Seed s were surface 
ste ri l ized i n  1 0% c h lo ro x  fo r 2 m i nutes a n d  afte r r i n s i n g s evera l t imes i n  
d i sti l l ed water ,  g e rm i n ated i n  paper towel s  moi ste n ed i n  20 m l  of th e 
releva nt  so lut io n . Each  paper towel wa s then p laced i n  a p l a st i c  bag to 
m i n i m i ze eva po ratio n . I n cubation  wa s i n  a l te r n at i n g  temperatures of 
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301C for 8 h rs a n d  2o•c for 16 h rs i n  the da rk . 
F i rst germ i n at ion counts we re ta ken after 3 days , a n d  eve ry 
other  day the reafter ,  u p  to 7 days of i nc u bat ion . A seed l i n g was 
con s i de red germin ated if it had a rad i cle of at least 1 0  mm lon g . 
Disti l led water was u sed as  contro l  for all sol ut ion s .  T h e  ex per imenta l  
des i g n  was completel y  ra n domi sed w ith th ree repl ication s .  
I n  o rd e r  to mon itor the  potent ial fo r g rowth under  sa l i nity 
stre$S, f ive pla nts were samp led at ran dom f rom each t reatment  per 
repl icat ion fo r rad i cle and h ypocotyl l e n gth mea s u rements at t h e  e n d  of 
the expe riment  ( 7  days ) . A l l  len gth mea s u rements were to t h e  n ea rest 
ten m i l l i meters . 
C um ulat ive g e rm i nat ion was e x p res sed a s  the. pe rcent of the 
n umber of seed ge rm i n ated and controls were a l so compa red to c h ec k  
for i n h e rent va r ietal differen ces i n  germ i nation . 
E x pe r i ment  4 :  T h e  ex p e r i ment was con d u cted to d eterm i n e  
t h e  effect of temperatu re o n  root development a n d  g rowt h . Fou r  
chickpea genotypes we re u sed : I LC 482, I CC 49 1 8, I CC 1 1 524 a n d  I LC 
1 34 .  Seeds were s u rface ste r i l i zed i n  1 0% ch lorox fo r 2 m i n utes , r i n s ed 
and germ i n ated on paper towe l s  mo i stened i n  d i s t i l l ed wate r . T h ey were 
then  i n cu bated fo r 1 0  days  at temperatu re t reatments  of 1 0 , 1 5, 20 , 25 , 
30 a n d  a lte r n at i n g  20 I 30 ° C .  A compl etely ra n domi zed des i g n  wa s u s ed 
with th ree rep l i catio n s . Ten h ealthy p l a nts per  genotype per rep l i cat ion 
were mea s u red fo r rad i c l e  and s hoot length , n u mber  of l ate ra l roots , 
n umber of l eaf nodes a n d  d i ameter of the  ta p root 50 mm from t h e  s eed 
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position . Latera l root n u mbers were ta ken fo r the entire l ength of th e 
taproot . Ana l ysis of va ria nce was performed on data to compa re root 




Root mo rpho logica l res u lts i n d i cated hig h ly s i g n if ica nt  
·diffe rences among accession s in  secondary roots , advent it iou s roots , 
and  shoot wei g hts , at B roo k i n g s  ( Ta b l e  1 ) .  T h e  Kab u l i  types ( I LC 482 
and . I  LC 1 9 1 9 )  were l a rger a n d  had  a h ig h e r  root b ra nc h i n g  den s i ty 
along the ta p root . I LC 482 ran ked hig hest in these mea s u rements and 
the  t rend wa s mai ntain ed f rom year to yea r ( Ta b l e  2 ) . Ta p root 
d i ameters d id not s how sig n ificant  d i ffe rences among accession s at 
B roo k i n gs i n  1 985 . T h e re we re ou tstanding d i ffe ren ces i n  s hoot wei g ht 
betwee n 1 984 a n d  1 985,  w ith  1 985 p lants bei n g  larg e r . T his cou l d  be 
exp lai n ed i n  part by t h e  e x ces sive moi stu re of 1 984 sea so n  w h i l e  the  
1 985 tr ial s  experien ced re lative ly  d ry weather . 
Res u lts from t h e  row p lant i ng expe ri ment i nd i cated sig nif i cant  
diffe rences amon g  acces sio n s  fo r s hoot we ig ht,  tap root diamete r ,  and  
seco n da ry roots ( Tab l e  3 ) . T h e  t ren d was the  same , with Kab uli types 
s how i ng a hig h e r  den sity of root b ranching as com pared to t h e  Desi 
types . Advent itiou s  roots s eemed to vary g reat ly w i th e n v i ronment . 
O n l y  a few developed u n der  row p l anting as compa red to sin gle plants 
( Tab l e  2 & 3 )  I LC 482 s t i l l  ran ked h i g h est in root b ranchin g  den sity . 
Res u lts for th e H ig h mo re e x pe r i ment a re p resented i n  Tab l e  4 .  
O n ly  s hoot weig hts s howed sig n i ficant diffe ren ces amo n g  acces sion s .  
Table  1 Root Mo rphology a n d  S hoot D ry Weig hts of C h ick pea 
Accession s a n d  Types ( K  = kabu l i ,  D = des i ,  
I = i n te rmediate)  a t  F lower i n g  Stage ( sin g l e  p l a nts ) in 
1984 at B rookin gs  
shoot t aproot secondary advent it ious 
Access ion weight diameter roots root numbe rs 
( g) 
I LC 482 ( K) 7 . 62 
I LC 1919  (K)  6 . 84 
X81 th 105 ( I ) 7 . 34 
X81 th 1 1 1  ( I ) 7 . 5 0 
ICC  5 8 10 ( D )  5 . 94 
I CC 1 1524 ( D )  8 . 0 1 
F (prob . ) 0 . 000 1 
(mm) 
2 . 7 
2 . 8 
3 . 0  
3 . 1 
2 .  7 
2 . 6 
0 . 05 
+Top 0 . 10 m of  the taproot . 
(no . /m) + 
2030 62 
1600 4 1  
1820 49 
175 0  5 1  
1540 3 1  
1350 52 
. 00 0 1  0 . 05 
Tab l e  2 Root C h a racte r i st ics a n d  Shoot D ry Wei g hts of C h ickpea 
Acces s io n s  at  Flowe r i ng Stage ( s i n g l e  p l a nts ) i n  1 985 
at B roo k i n g s  
Shoot taproot Root branching 
Acces s ion We ight diameter secondary+ advent it ious 
(g)  (mm) (no . /m) 
I LC 482 (K) 2 7 . Sa 4 . 0  1680 64 
ILC 1919 ( K )  19 . 7 b  4 . 2  1620 32 
ICC 5 8 1 0  ( D )  18 . 7 b  4 . 2  135 0  1 9  
ICC 1 15 24 ( D )  18.6b 4 . 0  1220 49 
F ( Prob . ) 0 . 001 0 . 36 0 . 02 0 . 000 1 
+Top 0 . 10 m o f  the tap root. 
Means with the s ame l etter are not s ignificant ly  dif ferent . 
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Relat ive comp a r i so n s  i nd i cated I LC 482 had a h i g he r  root b ra n ch i ng 
den s ity a ltho u g h  t h e  d i ffereces were not s i g n if ica nt . T h e  p lot at 
H ig h mo re was f looded fo r somet i me after eme rgence a nd th i s  may have 
res u lted i n  low root b ra n ch i ng den s i ty as compa red to t h e  res u lts from 
B roo k i ngs  fo r the  same yea r ( Ta ble 1 ) . U nder g reen hou se con d it io n s  
p la nts d id not develop advent it iou s roots , b ut t h e  tre n d  i n  root 
b ra n ch i ng den s ity was ma i nta i ned ( Tab le  5) . T h e  res u lts i nd i cated 
la rge d i fferences i n  s h oot wei g ht between f ield a nd g reen hou se 
expe.r iments . Altho u g h th e g reen ho u se ex periment was con d u cted u nder  
opti mum cond it ion s of moi stu re and temperatu re ;  t h e  g rowth med i a  was 
l im ited by s i ze of th e pot . Ca rm i  a n d  H e u e r  ( 1 98 1 )  demo n s t rated that a 
l im i ted· g rowth med i a  red u ces  p l a n t  g rowth . I t  i s  i nterest i n g  to note 
that i n  s p i te of t h e  t h e  la rge d ifferences i n  s hoot wei g ht between t h e  
f ield a n d  t h e  g reen h o u s e ,  root b ra nchi.ng seemed to be  cons i stent .  Th i s  
may i nd i cate that the  patte rn  of root developmen t  i s  d ete rm i n ed ea rly i n  
the season . Root b ra n c h i n gat the top of the  tap root h a d  al ready 
ex h a u sted i ts potent i a l  for development by the t i me th e s i ze of the root 
med i a  became l i m i t i n g . I n  g e n e ral th e Kab ul i  typ es h a d  a h i g h er 
den s i ty of root b ra n ch i n g th a n  th e Des i types , a n d  th i s  seems to be i n  
acco rda n ce with s eed s i ze ( Appen d i x  D ) . 
A s  s hown i n  F i g  1 & 2 ta p root d i ameter a n d  root b ra n ch i n g 
den s ity decrea s ed w ith depth . App rox i mately 75% of all root b ra n ch es 
on th e top 0 . 1 0  m of th e ta p root we re fou n d  i n  the  top 0 . 06 m .  Majo r  
d i ffe ren ces amo n g  acces s io n s  in root mo rphology seemed to be i n  th i s  
reg io n . A s  depth i n c rea s ed th e tap root i s  red u ced i n  d i ameter a n d  
Tab l e  3 Root C h a racteri stics , S eed y iel d ,  a n d  S hoot Wei g h t  of 
C h ic kpea Access ions  at Flowe ri n g  Stage i n  1 985 at 
B roo k i n g s  ( rowp l a nt i n g )  
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( no . /m) + 
advent it ious 
roots 
( g) 
ILC 482 (K)  16 . 4a 
ILC 19 1 9 ( K) 12 . 9b  
ICC  5 8 1 0 (D)  10 . 5bc 
ICC 1 15 24 (D)  7 . 9 c 
F ( Prob) . 002  
17 7 . 2 
1 73 . 2 
146 . 0  
1 70 . 0  
+ Top 0 . 10 m of  the taproot . 
3 . 7 
3 . 8  
3 . 5  
4 . 0 
. 002 




. 02 . 6 7 
Means with the s ame letter are not s ignificant ly different . 
Table 4 Root C h a racte r i st ics a n d  S hoot Wei g hts of D i fferent 
C h i c kpea Access io n s  at Flower i n g  Stage ( s i n gle pla n t s )  
i n  1 984 at  H ig h more 
· 
shoot taproot 
Access ion weight diameter 
( g) (mm) 
ILC 482 (K)  8 . 44a 3 . 24 
ILC 19 1 9 ( K) 4 . 3 7b 2 . 88 
X8 1 th 105 ( I ) 8 . 62a 3 . 36 
X8 1 th 1 1 1 ( I ) 1 0 . 2 9 a  3 . 20 
I CC 5 8 10 ( D)  6 . 5 7 a  2 . 9 8 
ICC 1 15 24 ( 0) 4 . 5 0b 2 . 5 8 
+Top 0 . 10 m of  the taproot . 
Means wth s ame l etter are not 
probab i l ity (Wal ler  Duncan) . 
secondary advent it ious 
roots root numbers 
(no .  /m) + 
696  7 
5 3 6  2 2  
652 49 
630 47  
488 1 9  
45 0 40 
s ignificant ly d i f ferent at 0 . 05 
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seconda ry roots a lo n g  the  tap root decreased . Kab u l i  types , w h i c h  
showed h i gh e r  root b ra nch i n g den s ity a s  compa red to Des i types , h ad 
re lat ive ly l a rger  tap root d iameters . 
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Tab le  5 Lea st S q u a re Mea n s  for Root a n d  S hoot D ry Wei g hts a nd 
S econda ry Roots U n der G reen hou se Con d it io n s  at 
F lower i n g  i n  1984 
root shoot shoot/ s econdary 
access ion weight weight root roots 
( g) ( g) rat io (no . /m) + 
I LC 482 (K)  0 . 16 0 . 36 0 . 44 1960 
I LC 19 19 (K)  0 . 14 0 . 25 0 . 56 1240 
X8 1 th1 05 ( I )  0 . 2 1 0 . 39 0 . 54 1 7 2 0  
ICC 58 1 0 ( D )  0 . 09 0 . 29 0 . 3 1 1 160 
ICC 1 15 24 (D )  0 . 14 0 . 28 0 . 20 1 160  
F ( Prob) . 00 0 1  . 0005 . 00 0 1  
+ Top 0 . 10 m of the taproot . 
Tab l e  6 Mea n Root Len gth for 1 . 20 m depth and  S hoot d ry 
We i g ht c h i c kpea at Podd i n g Stage i n  1 985 at B roo k i n g s  
Tota l  
Root Shoot 
length we ight 
Access ion (m/m2 ) ( g) 
I LC 482 (K) 14 1 .  7 5  1 5 9 . 7 a 
ILC 19 19 ( K) 134 . 5 2 1 3 1 . 7b 
ICC 5 8 1 0 ( D) 139 . 83 86 . 8b 
ICC 1 15 24 ( D) 1 14 . 75 89 . 5b 
F ( Prob ) . 7 68 1 . 0095  
Means in the s ame co lumn and fo l lowed by the s ame letter are not 
s ignif icant ly different . 
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Samp l es were a l so ta ken at podd i n g stage ( fi eld  ex per iment 
1 985) for root l en gth  mea s u rements . Tota l root len gth was  not 
s i g n if ica nt ly  d i fferen t  amon g acces s io n s ,  however s h oot weig ht wa s les s  
for Des i t h a n  Kabu l i  types ( Ta b l e  6 ) . A lthou g h  tota l root l en gt h  was 
not s i g n if ica nt ly d iffe ren t  
· l ength  a t  th e top o f  t h e  
a cces s ion s s howed d i ffere n ces fo r root 
p rofi le  ( F ig  3 ) . T h e  access io n s  depth 
i nteract ion  was h i g h ly s i gn i f ica n t . Acces ion s wh i c h  s howed h ig he r  root 
length s at s u rface l eve l s ( I CC 581 0  a n d  I LC 482 ) s h owed ra p i d  
decreases i n  l ength  at dept h s  be low 0 . 40 m ( F i g  3 ) . Root l e n gth  
den s ity dec rea sed w it h  depth . A p p rox i mate ly  90% of  tota l root length  
( 1 . 20 m depth ) was  located i n  t h e  top 0 .  70  m of the  so i l p rof i l e  and  
beyond th i s  l evel  d ifferences i n  root l en gth were. neg l i g i b l e  ( F i g  4 ) . 
Any d iffe rences among a cces s ion s i n  root morp ho logy i e . root b ra nc h i n g  
den s i ty , tap root d i amete r ,  a n d root l ength we re red uced w it h  depth . As  
ta p root d i amete r dec reased , l ess  b ra nch i n g- occu red . La rge d ifferences 
in root mo rpho logy we re p r ima ri ly  restr icted to the top pa rt of t h e  soi l 
p rof i l e .  S i m i l a r  res u lts we re repo rted fo r soybea n ( Ra p e r  a n d  B a rbe r 
1 970 ; M i tche l l a n d  R u sse l l 1 97 1 ) a n d C h ic kpea ( N a g a raj rao et a l . 1 980) . 
T h e  p resent res u lts seem to fo l low a s l i g ht ly  d ifferent trend w i t h  those 
obta i n ed fo r c h i c k pea o n  the ba s i s  of root d i str i but ion  ( we i g h t  a n d  
l e n gth ) ( N aga raj rao et a l . 1 980) . T h ey conc l u ded that beyo n d  beyond 
0 . 45 m depth d i ffe rences i n  root q u a nt it ies among acces s io n s  we re not 
s i g n if ica nt . However  t h e  p resent stu dy th ere a re a l so d iffe ren ces at 
dept h s  between 0 . 40 m a n d  1 . 00 m .  T h i s  is a l so i n d i cated by 
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s i g n if ica nt ly d ifferent . 
T h e re was a p rob lem of ( Pythium ult imum Trow . ) i nfect ion 
w h i c h  d r ied the root system a n d  eventua l ly the whole p l a n t  d i ed .  T h e re 
were no pa rti cu l a r  symptoms on the  leaves o r  stems , b u t  I LC 1 9 1 9 ,  I LC 
482 , a n d  I CC 1 1 524 seemed to be severe ly affected . Even thoug h  on l y  
d i sease-free p l a nts were samp led for root a n a lys i s ,  i t  w a s  impos s i b l e  to 
do the same when h a rvesti n g  for y ie ld  beca u se p l a nts were d ry at 
matu r ity . S eed y i e l d  d i d  not s how s i g n if ica n t  d ifferen ces among 
access ion s pos s i b l y  d u e  to d i s ease . 
G e n e ra l ly ,  p l a nts  of l a rge- seeded access ion s a re b i g g e r  t h a n  
sma l l - seeded o n es a n d  th i s  seems to _ b e  ref l ected i n  t h e  root systems . 
Kab u l i  types , bei n g  b i gg e r  p l a nts ,  req u i re a l a rge root system for 
s u p po rt o r  a n cho rage a n d  th u s  h ig h  root b ra n ch i ng den s ity cou ld 
therefo re be s uggest ive of a l a rge root system . T h e  res u l ts seem to 
s uggest root b ra n c h i ng den s ity a s  a fa i r l y  con s i stent  c h a racte r i st i c  a n d  
therefo re m a y  b e  u s ed fo r c l a s s i fyi n g  genotypes . B ra nc h i ng d e n s ity i s  
ea s i e r  to study th a n  e x ca vat i n g  the  w ho le  root system . Ou r ev i de n ce 
s uggests that major  d iffe ren ces i n  root morp h ology a re p r i ma r i ly l ocated 
with i n  the  top 0 . 20 m of t h e  soi l p rof i l e . I f  root system d evelopment 
has p r ior ity over s hoot g rowth ea r l y  in  the  s ea son then pe r h a p s  
b ra n ch i n g  d e n s i ty cou l d  be stu d i ed ea r ly i n  the l i fe o f  a p l a n t  a n d  
red u ce e x pen se a n d  l a bo r  req u i rements . G reen hou se  stud ies  cou l d 
p rov ide  mo re ra p i d  a n d  l e s s  ted i o u s  methods for s c ree n i n g  va r i et i es fo r 
root b ra n c h i n g den s i ty .  S i n ce Des i types a re sma l l e r  p l a n ts w ith  l es s  
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popu l at ion s with red u ced competit ion . T h e  den s i ty of root b ra nc h i n g  
a ppea rs to be a more con s i stent i n d i cato r  of genoty p i c  d i fferen ces a s  
compa red to oth e r  mea s u red va r ia b les u nder  both f ie ld  a n d  g reen house  
cond it io n s . 
T h e  fo l lowi ng s ection  dea l s  w ith the effect of i mposed 
env i ron menta l stres s es ( s a l i n i ty/sod icity ,  temperatu re a n d  moi stu re) o n  
the  sta b i l i ty of ch ic k pea root d evelopment . 
E nvi rommenta l  Effects on Root Morphology 
Sa l i n ity/Sod ic ity 
F ig s . 5 ,  6 ,  & 7 s how e x pe r i menta l res u lts on  sc reen i ng fo r 
tol e ra n ce to s a l t a n d  water stres s . Respon ses to sa l i n ity a n d  wate r 
stress  we re va r ied a n d  d iffe rent  depen d i ng on  acces s io n , osmot i c u m ,  
a n d  osmot ic  potent i a l  ( Ta b l e  7 ) . G e rm i n at ion , a n d  rad i c l e  a nd s hoot 
e longat ion were red u ced a n d  a l most i n h i b i ted at ce rta i n  o s moti c  
potent i a l s . A w i d e  va r i a b i l i ty i n  res pon se to water potent i a l  a n d  the  
d i ffe rent  ion s wa s obse rved a mo n g  ch i c kpea acces s io n s  i n  g e rm i n at ion , 
a n d  rad ic le  a n d  s hoot g rowt h . T h ere were i n h e rent  d ifferen ces i n  
germ i n at ion of d iffe rent  acces s io n s  a s  i n d i cated by g e rm i n at ion  i n  · 
d i st i l l ed water ( co n t ro l ) ( F i g  Sa -f ) . Low g e rm i n at ion  i n  d i st i l l ed wate r i s  
pos s i b l y  d u e  to a no x ia . Pos i t i ve a n d  negat ive res pon ses of g e rm i nat ion  
to  N a +  ( F i g s  5c , e ,  & f )  a n d Ca • 2  and  ( F i g s  Sa  & b)  rel at ive to 
Ma n n ito l  we re observed . N egat ive effect of N a +  a n d  Ca + 2  i n  
g e rm i nat ion may be i nd i cat i n g  a dverse effect of the ion s w h i l e  pos i t i v e  
effect m a y  b e  s ug gest ive of n utr it ive contr i b ut ion  o f  t h e  i o n s  to 
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germ i n at i n g  seeds · N egati ve osmotic potenti a l  effect on g e rm i n at ion  i s  
i l l u strated i n  F i g . 5d . Ass um i n g  that the effects of ma n n ito l  a re 
p r i ma r i l y  osmot ic  i n  n atu re then  i t  wou ld  appea r th at g enotyp i c  
va r i a b i l i ty ex i sts for g e rm i n at ion u nder  low wate r potent i a l s ,  a n d  h ig h  
sa l i n ity a n d  sod ic l ev el s . 
Althou g h  d ifferent  root c h a racteri st ics were red u ced by 
sa l i n ity ,  pod a n d  s eed p rod u ction ( ta b les 13 a n d  1 4) seemed to be 
i nc reased i n  h i g h l y  s a l i ne soi l s  as was a l so obse rved by Muc h a n d a  a n d  
S h a rma ( 1 980) . T h e  s eed s f rom t h e  p l an ts g rown o n  Rya n u ncu lt i vated 
soi l s  were s h r ive l l ed , d i s co lored , a n d  sma l l e r  i n  s i ze compa red to s eed 
f rom oth e r  so i l s . T h e  poo r q u a l ity of seed cou ld be a res u lt of red u ced 
eff ic iency i n  photosy nt h ate p rod uct ion d u e  to d i scolored leaves . T h e  
effect of the  maj o r  e l ements ( N ,  P ,  K )  o n  root beha v i o r  n eeds to be 
exp lo red in order  to u n de rsta n d  the  i nf l u ence of d i ffe ren t  soi l s . 
Moi stu re Stress  
P la nts g rown i n  low moi stu re were severe ly stres s ed a n d  
a ppea red wi lted , s eemed l es s  v igoro u s , a nd ex h i b ited stu n ted g rowth . 
U n d e r  h ig h  moi stu re con d it ion s ,  the  root system h ig h l y  p ro l ife ra ted a n d  
cove red the who le  rooti n g  med i a ,  t h e  roots a ppea r i n g  f res h a n d  f rag i l e .  
Low mo i stu re red u ced t h e  root system to cove ri n g  on l y  a sma l l  po rt ion  
of t h e  soi l s u rface a n d w i th  t h e  rest of t h e  root system deg e n e rated . 
Soi 1 samp les we re ta ken  befo re h a rvest to determ i ne wate r content  at 
the d i ffe rent depth s  ( 20 ,  40 , 60, a n d  08 mm ) i n  the pot . Mo i stu re was  
not d i str i buted eq u a l l y  in  th e pot . The  top few m i l l i meters of so i l were 
wette r  a nd the roots i n  th i s  reg ion exper ienced better con d i ti o n s t h a n 
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F i g .  7 . E ffec t  o f  Sa l i n i ty / S o d i c i ty a n d  Wa t e r  Po te n t i a l  o n  R a d i c l e G ro wt h  
Tab le  T A n a l ys i s  of Va r ia nce Tab le  For Sa l i n i ty - Osmot icum 
E x periment 
Shoot Radic le  Germinat ion 
Source Df Length Length 
access ion( a)  24 234** 446** 1 1308 1** 
so lute ( s )  2 9 1** 6 7 1** 23316** 
a x s 48 15** 39** 1 1 102** 
osmotic pot . (o)  3 8422** 1 7 046** 1 168294** 
a x o 7 2  7 1"�:* 99** 6468** 
S X 0 6 65  ... ':* 195** 30669** 
a X S X 0 144 148** 25,':* 4740** 
"''* s ignificant at the 0 . 0 1 leve l . 
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Va r iab i l ity in res pon se to N a +  and Ca + +  e x i sted among 
va r iet i es fo r both rad i c l e  and  s hoot e longat ion . N a +  a nd Ca • 2  red uced 
g rowth re l at ive to ma n n i to l  for a n umber of ch i c kpea l i n es ( F i g s . 7a & 
c ,  6b & c ) . On  th e w h o l e ,  I LC 1 34 s h owed poor performa nce ,  but  N a +  
a nd Ca • 2  seemed to g ive  pos it i ve rad i c l e  a n d  s h oot g rowth re l at ive  to 
t h e  con t ro l  ( F i g  Sa & c ) . La rge acces s ion x t reatment  i nte ract ion s 
i n d i cated a d i fferent ia l res pon s e  among ch ic kpea acces s ion s a n d  
the refo re a pos s i b i l i ty fo r se lect ion . 
Va r ia b i l i ty i n  respo n s e  to sa l i n ity h a s  been obse rved by 
severa l a uthors between a nd with i n  s peci es at  germ i n at ion stage;  r i ce 
( Ba l  a n d  Chattopa d h a y  1 985 ) ; sorg h um a n d  w h eat ( Dev itt et a l . 1 984 ) ; 
a l fa l fa , ( A l len  et a l . 1 985 ) ; T r i t ica le ,  ( No ry l n a nd Epstei n 1 984 ) ; s p r i ng 
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wheat ( K i ng s b u ry a n d  Epste i n 1 983) a n d  c h i c kpea ( K h e ra d n am a n d  
G ho ra s h y  1 973) . Pos it i ve effects of root elongation i n  res po n s e  to N a +  
were reported i n  w h eat ( Dev itt et a l . 1 984) . T h e  pos i t i ve effects of 
N a +  on some of th e tested c h i c kpea access ion s  at low osmot i c  potenti a l s  
however a re d iffic u lt to ex p la i n . 
A lthoug h  to l e ra n ce at germ i nation stage does n ot te l l  u s  what 
w i l l  ha ppen at l ater sta ges of p la nt development i t  i s  a sta rti n g  poi nt  i n  
n a r rowi ng t h e  germp lasm to ma nagea b l e  n u mbe rs for g reen hou se  o r  f ie ld  
stud ies . Stu d i es by F ra n coi s et  a l . ( 1 984) i n d i cated t h at so rg h um was 
mo re s a l t  tol e ra nt at  g e rm i nat ion th a n  at a n y  oth e r  g rowth stage . T h i s 
emp h a s i ses the  need to conf i rm a n y  res u lts obta i ned at g e rm i n at ion w ith 
tol era n ce at l ater g rowth stages . 
SO I LS 
T h e  soi l s  u sed were; 
Lu dden cu lt i vated 0 .  7 mm Ho/cm . 
Ludden u n cu lt i vated 0 .  7 mmHo/cm . 
Rya n cu lt ivated 0 .  7 mmHo/cm . 
Rya n  u ncu lt i vated 4 . 0  mm Ho/cm . 
G reen house  m i xtu re 0 .  7 mmHo/cm . 
Acces s ion I LC 1 34 s howed poor germ i n at ion w h i c h  was  most 
p roba b l y  a res u lt of a nox i a ,  w h i c h  some c h i ckpea l i n es may be s en s it i ve 
to ( C rawfo rd a n d  Zochows k i  1 984) . Yel low i n g  at the  edges of l ea ves 
we re observed at f lowe r i n g  . on p l a n ts g rown i n  the Rya n u nc u lt i vated 
so i l  a n d  seemed to be wo rse on acces s ion s I CC 581 0 a n d  I CC 1 1 524 . 
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Res u lts i n d i cated s i g n if ica n t  d ifferences among acces s io n s  a n d  
among soi l s ,  a n d  t h e  access ion x t reatment i nte ract ion was s ig n if ica nt  
fo r root b ra nc h i ng den s i ty ( Ta b l e  8) , i nd i cati n g  a d ifferent ia l  respon se 
to d i ffe rent soi l s .  Root b ra n ch i n g  wa � i nc reased u nd e r  ce rta i n  so i l s ;  
I LC 482 , I LC 1 34 a n d  I CC 1 1 524 h ad the  h ig hest root b ra n c h i n g den s i ty 
i n  Ludden cu lt ivated a nd I CC 491 8  i n  Ludden u ncu lt ivated . T h e  
d i fferen ces a re pos s i b l y  d ue t o  n utr i t ion . Lu dden cu lt i vated h a d  h ig h  
P leve l s  compa red to Lu dden  u ncu lt i vated . A l though Rya n u n cu l t i vated 
a l so had  h i g h  P l eve l s  it p rod u ced the  lowest root b ranch i ng den s i t i es 
fo r I LC 1 34 ,  I CC 1 1 524 a nd I CC 491 8 .  Th i s  i s  p robab l y  d u e  to th e h i g h  
E c  a n d  sol u b l e  sod i um l eve l s i n  th i s  so i l . T h e  g reen house m i xtu re wa s 
of a comp lete l y  d i fferent textu re , a nd a l so low i n  phos p h o r u s  a n d  
potas s i u m .  I t  ra n ked th i rd i n  root b ra nch i ng d e n s ity for a l l  acces s io n s . 
A l l  c h a racters were i nf l uen ced by sa l i n i ty . T h e  most sa l i n e  so i l h a d  
h i g her  s hoot : root rat ios ( Tab le  9 ) . S hoot d ry weig hts we re h ig h est i n  
Lu dden u ncu lt i vated fo r a l l  va r iet ies (Tab le  1 0) a n d  root we i g hts we re 
h ig h e r  i n  Rya n cu l t ivated ( Ta b l e  1 1 )  for a l l  acces s ion s . 
Ta b l e  8 A n a lys i s  of Va r i a n ce Tab le  fo r So i l E x pe r i ment  
MEAN SQUARES C H I - S Q U A R E s 
Root 
Shoot Root Branching Pod Seed 
Source DF Weight We ight Dens ity No . No . 
Access ion 3 2 . 8 8** 0 . 26** 1 6 1 . 28** 1 7 . 7 1** 38 . 48** 
Treatment 4 3 . 6 2** ·0 . 32** 47 . 52** 5 . 5 9 ** 8 .  601'* 
v X T 12 0 . 1 7ns 0 . 02ns 24 . 52** S . OSns 7 . 95ns 
** s igni ficant at 0 . 0 1 l eve l o f  probab i l ity . 
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Table 9 : Effect of Soi l s  on S hoot : Root Ratio 
Ludden Ludden Ryan Ryan Green-
uncult i - cult - unculti- cult i - House 
Access ion vated vated vated vated mixture 
ICC 49 18 (D)  2 . 69 1 .  9 1  3 . 25 2 . 18 1 . 7 3 
ICC 1 15 24 (D)  2 . 49 1 .  78  3 . 28 1 . 63 1 . 68 
ILC 482 (K) 2 . 8 1 2 . 32 2 . 80 1 . 69 2 . 32 
ILC 134( K) 3 . 58 2 . 45 3 . 88 2 . 20 3 . 63 
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those deeper i n  the  pot ( Appen d i x  C ) . 
A n a l y s i s  of v a ria n ce s howed h ig h ly s ig n if ica n t  d i fferen ces 
among access io n s  a n d  between moi stu re level s .  D ifferenti a l  res pon se to 
moistu re stress a mong acces s i o n s  was shown by a s i g n i f ica nt  acces s ion x 
t reatment i nte ract ion ( Ta b l e  1 5) .  S hoot ( Ta b l e  1 6) ,  root f res h wei g ht 
�Tab l e  1 7 ) , tota l root l en gth ( Ta b l e  1 8) ,  ta p root d ia meter ( Ta b l e  1 9 ) 
a n d  root b ra n ch i ng d e n s ity ( Ta b l e  20) were s i g n if ica ntly d ifferent 
between moi stu re l evel s .  The major  d ifferences among acces s io n s  in  a l l  
cha racters were fou n d  i n  the  h ig h  soi l  moi stu re t reatment . H ig h  
moi stu re · p romoted both root a n d  s hoot g rowth a n d  l ow s hoot root 
ratios ( Ta b l e  2 1 ) .  T h e  s hoot/ root ratio i n c reased a s  moi st u re d ec rea sed 
p roba b l y  d u e  to root deg e n e rat ion . 
Access io n  x treatment  i nte ract�on s we re h i g h ly s i g n i f i ca nt for 
root b ra n c h i n g a n d  root f res h wei g ht i n d i cati ng d iffe rent i a l  res po n s e  of 
acces s io n s  to moi stu re stres s . Root b ra nch i n g decrea sed with moi stu re 
l evel , b u t  at O . OGg l evel , i t  was p romoted for I CC 491 8  a nd I CC 1 1 524 
a n d  fo r I LC 1 34 a n d  I LC 482 it dec reased with  a dec rea se i n  moi st u re 
( Ta b l e  20) . Root we i g h t  fo l lowed the  same tren d . 
Fo r access ion I CC 49 1 8  s hoot g rowth wa s p romoted rel at i v e  to 
root g rowth at h i g h  moi stu re level s ( h i g h  rat io) . Fo r oth e r  acces s io n s , 
t h e  h ig hest s hoot/ root ratio wa s observed at low moi stu re l eve l s ,  0 . 06 
fo r I CC 1 1 524 a n d I LC 482 a n d  0 . 1 5  for I LC 1 34 ( Ta b l e  2 1 ) .  
Th e  0 . 26 /0 . 06 cycl i c  t reatment wa s i nc l u d ed to test w h eth e r a 
pe riod of rewater i n g  m ig ht st imu l ate g reater root b ra nc h i ng o r  i f  root 
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Tab l e  1 0  : Effect of Soi l on S hoot D ry Weig ht 
Ludden Ludden Ryan Ryan Green -
uncu l t i - cult i - uncult i - cult!- House 
Access ion vated vated vated vated mixture Means 
ICC 49 18 (D)  1 . 32 0 . 6 1 0 . 39 0 . 48 0 . 33 0 . 63 
ICC 1 1524 (D) 1 . 32  0 . 82 0 . 82 0 . 5 7 0 . 62 0 . 83 
I LC 482 ( K) 2 . 08 1 . 28 1 . 40 0 . 54 0 . 95 1 . 25 
ILC 134 (K) 1 . 86 1 . 30 1 . 32 0 . 7 7 1 . 27 1 . 30 
Mean 1 . 64 1 . 00 0 . 98 0 . 5 9 0 . 7 9 1 . 00 
LSD O . OS ( acces s ion) =0 . 37 
LSD 0 . 05 ( soi l s ) =0 . 33 
Tab l e  1 1  Effect of soi l s  on root weig ht 
Ludden Ludden Ryan Ryan Green-
uncult i - cu1t i - uncul t i - culti- House 
Access ion vat ed vated vated vated m ixture Means 
I CC 49 18 (D)  0 . 49 0 . 32 0 . 12 0 . 22 0 . 1 9  0 . 2 7 
I CC 1 15 24 (D)  0 . 5 3 0 . 46 0 . 25 0 . 35 0 . 37 0 . 39 
ILC 482 (K) 0 . 74 0 . 55 0 . 50 0 . 3 2 0 . 4 1 0 . 5 0 
ILC 134 ( K) 0 . 5 2 0 . 5 3 0 . 34 0 . 35 0 . 35 0 . 42 
Means 0 . 5 7 0 . 46 0 . 30 0 . 3 1  0 . 33 0 . 40 
LSD 0 . 05 ( acces s ion) =0 . 1 3  
LSD 0 . 05 ( soi ls ) =0 . 1 1  
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b ra nch i ng was ma i nta i n ed at lower water potent ia l s . I t  gave t h e  lowest 
d e n s ity for root b ra nch i ng ( Tab le  20) , p robab l y  beca u s e  the soi l col u m n  
w a s  d ry th ro u g hout for a period of t ime as  compa red to getti n g  a sma l l  
amou nt of wate r eve ry day (0 . 06 g .  moi_stu re level ) . Ev idence s uggests 
that for a d ropp i n g  wate r tab l e ,  moi stu re st ress  w i l l  p romote 
p rol i ferat ion of the root system at g reater soi l depth s ( Fo l l ett et a l . 
1974) . I t  was not the case  i n  th i s  s ituation p rima r i l y  beca u se with t h e  
restr icted g rowth med i a  there were no mo i st u re rese rves to b e  
ex plo ited . T h e  res u lts  s eem to confi rm f i n d i ngs  by G a ray a n d  Wi l h e l m  
( 1 983) th at u nd e r  d roug ht  con d i t ion s root den s ity va r ies w ith depth of 
moi stu re .  
Temperatu re 
A n a lys i s  of va r i a n ce i n d i cate s ig n i f ica n t  d i ffe ren ces amo n g  
a cces s ion s ,  temperatu res a n d  acces s ion  x tempe ratu re i nteract ion s 
( Ta bl e  22 ) . Root b ra n ch i ng den s ity wa s ta ken fo r the ent i re len gth of 
the  ra d i c l e  w h i c h  i nc l uded t h e  e lon gat ion reg ion a n d  may n ot refl ect 
d i ffe rences a mo n g  a ccess ion s i n  root b ra nch i n g but  rat h e r  the i r rate of 
root i n i t i at ion . Va r i ab i l i ty ex i sts between va r iet i es i n  s hoot ( T a b l e  23 ) 
a nd rad i c l e  l e n gt h  ( T a b l e  24) , ta p root d i a mete r  ( T a b l e  25)  a n d  root · 
i n i t i at ion a s  i n d i cated by root b ra nch i n g den s i ty after 1 0  days  ( Ta b l e  
26) , wh i l e t h e  tem p e ratu re a t  1 0 ° C  red uces g rowth a n d  p revents 
seconda ry root development .  
Opt i m u m  tempe ratu re for root i n i t i at ion  a n d  b ra n ch i ng i s  25 ° C  
fo r a l l  acces s ion s  ex cept fo r J LC 1 34 wh i c h  s eem to be perfo rm i n g  fa i r l y  
co n s i stent l y at  temp e ratu res between 20 ° C  a n d  30 ° C ( Ta b l e 26) . Ka b u l i  
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Tab l e  1 2  Effect of So i  I on Root B ra nch i ng Den s ity ( no .  /m) 
Ludden Ludden Ryan Ryan Green-
uncult i - cult i - unculti- cult i - Hous e 
Access ion vated vated vated vated mixture 
ICC 49 1 8 ( D )  1260  1000 650 880 950  
ICC 1 1524 ( D )  1 1 70 1 340 980 1330 1300 
ILC 482 ( K) 2280  2340 1630 1400 1830 
ILC 134 ( K) 1460 1 7 30 1090 1260 1380 
Tab l e  1 3  Effect of So i l s  o n  Pod P rod u ction ( no . / p l a n t )  
Ludden Ludden Ryan Ryan Green -
uncu l t i - cul t i - uncult i- cul t i - Hous e 
Acces s ion vated vated vated vated mixture  
ICC 49 1 8 ( 0 )  2 5  1 8  24 17 1 6  
ICC 1 15 24 ( D )  2 8  26 30 16 18 
I LC 482 ( K) 18  20 27  20 22 
I LC 1 34 ( K) 14 12  14  8 1 2  
T a b l e  1 4  Effect of S a l i n i ty o n  S eed P rod uct ion  ( no .  /p l a nt)  
Ludden Ludden Ryan Ryan Green -
uncu l t i - cu l t i - uncul t i - cu lt i - Hous e 
Var iety vated vated vated vat ed mixture 
I CC 49 18 ( D)  33  22  30  22  18  
I CC 1 1524 ( 0)  3 8  32  31  18  24 
I LC 482 ( K) 1 7  20 25 20 20 
ILC 1 34 ( K) 1 2  1 2  12 7 9 
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types i n it iate g reater n umbers of roots than  Des i types overa l l  ( Ta b l e  
26) . F igs . 8 & 9 i nd i cate common optimum tempe ratu res for a l l  
acces s ion s fo r both root a n d  s hoot length . D iamete r  va r i ed between 
tempera ru res a n d  t h e re was a d iffe renti a l  response to temperatu res . 
U n l i ke cotton ( A r n dt 1 945) , s h oot a n d  rad ic le e longation have a common 
opt imum tempe ratu re a n d  s u b  a nd s u p raopt ima l  temperatu res red uce 
g rowth . A l ternat i n g  tempe ratu res seemed to g i ve the  same effect a s  
the i r average con sta nt  tempe ratu re w i t h  t h e  pos s i b l e  except ion o f  s hoot 
l ength  mea s u rements i n  wh i c h  the  lowest temperatu re of t h e  cyc le  
a ppea red to  con t ro l  e x p ress ion of  t h i s  t ra i t (Tab le  23) . 
Tab l e  1 5  A n a l y s i s  of Va ri a nce Tab le  for Moi stu re E x pe r i ment  
Source 
M E A N S Q U A R E S CHI SQUARES 
Total 
Shoot Root Taproot Root 
DF Weight Weight Length Length 
Root 
Root Branching 
Diameter Dens ity 
Access ion 3 3 . 14** 2 . 62* 23 . 6 7* 1 7 . 46ns 5 . 5 1** 1 2 . 9 3** 
Treatment 4 15 . 50** 60 . 48** 1 7 . 7 8ns 49 1 . 00** 2 . 52** 19 1 . 1 7** 
V X T 1 1  1 . 0 7** 2 . 88** 7 . 83ns 1 7 . 10ns 0 . 32ns 55 . 5 5** 
* , ** s igni f icant at 0 . 05 and 0 . 0 1 leve ls , respectively . 
Tab l e  1 6  Effect of Mo i stu re Stres s on S hoot Wei g h t  ( g rams ) 
TREATMENT ( g .  o f  water I g .  o f  soi l )  
0 . 26 0 . 15 0 . 08 0 . 06 0 . 26/ 0 . 06 
Access ion ( 0 ) ( 0 . 33 )  ( 6 ) ( 12 )  ( 0/ 12 )  
ILC 482 (K )  4 . 5 9 a  1 . 33a 0 . 84a 1 .  05a 0 . 98a  
ILC 134 ( K )  4 . 9 1a 2 . 29b 0 . 9 7 a  0 . 9 7 a 
ICC 49 18 ( 0 )  1 . 9 6b 0 . 9 1c 0 . 62a 0 . 9 1a 0 . 34a 
ICC 1 15 24 (0)  2 . 5 9b 0 . 74c 0 . 38a 0 . 96a 0 . 16a 
Means within a column fo l lowed by the s ame letter are not 
s igni ficant ly different at 0 . 05 leve l o f  probab i l ity . 
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( ) number in paranthes is indicate soi l  water potent i a l  in -bars . 
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Tab le  1 7  Effect of Moi st u re Stres s o n  Root Wei g ht ( g rams ) 
Ta b l e  1 8  
TREATMENT (g . of water I g .  of  soil )  
0 . 26 0 . 15 0 . 08 0 . 06 0 . 26/ 0 . 06 
Access ion ( 0 )  ( 0 . 33)  ( 6 )  ( 12 )  ( 0/ 1 2 )  
ILC 482 (K) 7 . 9 1 a 1 . 42a  0 . 32a 0 . 36a 0 . 65a  
ILC 134 (K) 6 . 98 a 1 . 23a 0 . 69a O . S Oa 
ICC 49 18 (D)  3 . 24b 1 .  36a 0 . 48a 0 . 67a  0 . 16a 
ICC 1 15 24 ( K) 4 .  7 2b 0 . 47a  0 . 244 0 . 50a 0 . 13a 
Means within a co lumn fo l lowed by the s ame letter are not 
s igni f icant ly d i f ferent at 0 . 05 level of probab i l ity . 
( ) number in paranthes is indicates s o i l  water pot ent i a l  
bars 
Effect of Moi stu re Stres s on Root Len gt h  per  p l a nt 
( meters ) 
TREATMENT ( g .  o f  wat e r  I g .  of  soi l )  
0 . 2 6 0 . 15 0 . 08 0 . 06 0 . 26 / 0 . 06 
acces s ion ( 0 )  ( 0 . 33 )  ( 6 )  ( 12 )  ( 0/ 1 2 )  
I LC 482 ( K) 2 2 . 40 a 2 . 9 6a 0 . 5 7 a  0 . 65 a  2 . 20a 
I LC 1 34 ( K) 16 . 1Gb 2 . 2 7 a  0 . 9 2a 0 . 5 8 a  
ICC 49 18 ( D )  1 0 . 26c 2 . 88a 1 . 2 7 a  1 . 64a 0 . 1 8a 
ICC 1 15 24 (D )  14 . 05 c 0 . 6 7 a  0 . 23a 0 . 5 5 a 0 . 1 2 a  
Means w ithin a co lumn fo l lowed by the s ame l et t e r  a r e  not 
s igni f i c ant ly d i f ferent at 0 . 05 l eve l o f  probab i l ity . 
( ) numbe r  in paranthes is indicate s o i l wat er pot ent i a l  in 




Tab l e  1 9  Effect of Moi stu re Stress on Root D iamete r (mm)  
Tab l e  20 
TREATMENT ( g .  of water I g .  of  soi l )  
0 . 26 0 . 15 0 . 08 0 . 06 0 . 26/0 . 06 
access ion ( 0 )  ( 0 . 3 3 )  ( 6 )  ( 1 2 )  ( 0/ 12 ) 
ILC 482 (K) 3 . 60a 2 . 34a 2 . 64a 2 . 44a 2 . 13a  
ILC 134 ( K) 4 . 7 8b 3 . 86b 3 . 35a 4 . 2 7b 
I CC 49 18 {0)  2 . 84a 2 . 84a 1 . 83a 2 . 44a 1 . 9 3 a  
ICC 1 1524 { 0 )  3 . 45a  2 . 9 5 a  2 . 54a 3 . 45a 1 . 83a 
Means within a co lumn fol lowed by the s ame letter are not 
s igni ficant ly different at 0 . 05 level of probab i l ity . 
( ) number in paranthes is indicate soil  water  potential  in -bars . 
Effect of Mo i stu re Stress on Root B ra n c h i n g Den s ity 
{ no . /m )  
TREATMENT ( g .  of  water I g .  of  s o i l )  
0 . 26 0 . 15 0 . 08 0 . 06 0 . 26/0 . 06 
Acces s ion ( 0 )  ( 0 . 33 )  ( 6 ) { 12 )  ( 0 / 1 2 )  
I LC 482 (K)  2049 1824 1286 9 30 560 
ILC 134 ( K )  3050  1444 1320  9 14 
ICC 49 1 8 { 0 )  1 195 7 5 0  828 1 3 2 8  5 9 6  
I CC 1 15 24 { 0) 1 1 3 1  1286 1 1 80 1 100 7 14 
( ) numbe r  in paranthes is indicate s o i l  water  potent ial  in -bars . 
\ 
Table  21  Effect of Moi stu re Stres s on S hoot : Root Rat io 
TREATMENT (g.  of water I g .  o f  soil )  
0 . 26 0 . 15 0 . 08 0 . 06 0 . 26/0 . 06 
Access ionn ( 0 ) ( 0 . 33 )  ( 6 ) ( 12) ( 0/ 12 )  
ILC 482 ( K) 0 . 58 0 . 94 2 . 62 2 .  9 1  1 .  5 1  
I LC 1 34 ( K) 0 . 70 1 . 86 1 . 40 1 . 94 
ICC 49 18 ( D )  0 . 60 0 . 67 1 . 29 1 . 36 2 . 12 
ICC 1 15 24 (D)  0 . 55 1 .  5 7  1 . 5 8 1 . 92  1 . 23 
( ) number in paranthes is indicate soil  water pot ent ial  
Ta ble  22  · A n a l ys i s  of  Va r i a n ce Table for Temperatu re E x pe r i ment 
M E A N S s Q U A R E s Chi squares 
Shoot Radic le Root Root 
Source DF Length Length Diameter Branching 
Acces s ion( a) 3 245 . 90** 49 6 . 5 7** 48 . 10** 6 10 . 40** 
Temp ( t )  5 385 8 . 00** 5 8 76 . 46** 1 1 . 29** 5 9 6 . 66** 
a x t 15 62 . 9 03** 78 . 38** 0 . 95ns 299 . 54** 
** s ignif icant at 0 . 0 1 leve l of  probabi lity . 
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in -bars . 
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Tab l e  23 Effect of Temperatu re on  S hoot G rowth ( l ength i n  m m ) 
T E M p E R A T u R E ( O C )  
Access ion 10  15  20 25 30 2 0 / 30 Mean 
I CC 1 15 24 ( 0) 7 30 105 1 7 2  1 3 1  1 0 8  9 3  
I CC 49 18 (0)  1 3 7  82 143 153  86  84 
I LC 1 34 ( K) 0 22 68 105 152 7 0  7 0  
ILC 482 ( K) 12  48 1 10 16 1 1 3 7  1 0 4  9 6  
Means 0 . 5 2 3 . 49 9 . 18 14 . 58 14 . 34 9 . 2 3 8 . 55 
LSO ( access ion) =25 
LSO ( t emp . ) =2 1  
LSO ( axt ) =5 1  
Table  24 Effect of Tempe ratu re on Rad i c l e  G rowth ( l ength  i n  mm ) 
of C h ic kpea 
T E M p E R A T u R E ( O C )  
Access ion 10 15 20 25 30 20 / 3 0  Mean 
ICC 1 15 24 ( 0) 5 1  1 1 1  19 1 2 18 2 10 2 2 3  1 6 7  
ICC 49 18 (0)  38  93  1 7 2  243 163  1 9 8  1 5 1 
I LC 1 34 ( K) 33  64 188 1 7 2  1 9 1 184 1 3 9  
I LC 482 ( K) 56  127  2 1 7 238  203  2 14 1 7 6  
Mean 44 99  192 2 1 8 19 2 205  155  
LSO ( access ion ) =43  
LSO ( temp .  ) =35 
LSD ( axt ) =8 . 54 
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Tab l e  25 Effect of Temperatu re on Root d i amete r ( m m )  of 
C h ic kpea 
T E M p E R A T u R E ( O C )  
Access ion 10  15  20  25 30 20/ 30  Mean 
ICC 1 15 24 (D)  20 2 1  23  25  22 25 28 
I CC 49 18 (D)  22 30  26 28 20 2 6  26 
I LC 1 34 (K)  30 38 3 7  3 7  29 3 7  35 
ILC 482 ( K) 2 3  3 1  2 6  3 0  2 3  28 2 7  
Means 24 30  28  30 23 29 27  
LSD (variety ) =5 
LSD( temp . ) =4 
LSD( axt ) =9 
Table 26 Effect of Temperatu re on Root I n it iat ion a n d  b ra nc h i ng 
( no . / p l a nt)  of c h i c kpea 
T E M p E R A T u R E ( O C )  
Acces s ion 10 15  20  25  30 20/ 30 
ILC 482 ( K) 0 2 7 7 2  4618  6050 4544 5 17 8  
ICC 49 18 ( 0 )  0 1604 3 33 3  475 1 3808  34 1 7  
ICC 1 15 24 ( D )  0 63  2 7 78 3323 25 2 1  2658 
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S UMMARY AND CONCLUS IONS 
T h e  obj ect i ve of t h e  study was to exami n e  root c h a racter i st ics 
of se lected c h i c kpea genotypes , f rom Kabu l i  and  Des i types . T h e  effect 
·of en v i romenta l con d i tion s on sta b i l i ty of root developmen t  was a s s es sed 
with respect to s a l i n i ty ,  temperatu re ,  a nd moi stu re stresses . F i el d  
ex per iments we re con d u cted for two c ropp i ng seaso n s  a t  B roo k i n g s  a n d  
H ig h more ,  South  Da kota . 
Sa l i n ity ex pe r i ments i nvolved g reen hou se stu d i es u s i ng soi l s  of 
the  fo l low i n g  e lect r i ca l  con d u ct iv i t ies ( ec) : 0 .  7 ,  a n d  4 . 0  mmHo/cm a nd 
l a bo rato ry stud i es u s i n g  ma n n ito l , sod i um ch lor ide a nd ca lc i u m  ch l o r i d e  
sol ut io n s  w i t h  osmc:>t i c  potenti a l s  of ; 0 ,  -4,  - 8 , a n d  - 12 ba rs . A 
moi stu re stres s ex p e r i me n t  was con d u cted i n  t h e  g reen h o u s e  with  
mo i stu re treatments cor respo n d i ng  to ; 0,  -0 . 33 ba rs , -6  ba rs , - 1 2  ba rs 
a nd 0 a nd - 1 2 ba rs cyc les . Sa l i n ity and  moi stu re st res s  red u ced root 
b ra n ch i n g  den s ity ,  tap root d iameter ,  s h oot wei g h t ,  a n d  root wei g h t .  
Howeve r ,  Ka b u l i  types sti l l  ex h i b ited h i g h  ra n k i ng for root 
c h a racter i st ics . I t  seemed t h e  p roblem of red u ct ion i n  root b ra n ch i ng 
u nd e r  moi stu re stress  wa s comp l i cated by t h e  fact th at root 
degenerat ion occu red a nd made i t  d ifficu l t  to cou nt . Pod a n d  s eed 
p rod u ct ion we re i n c rea s ed i n  h i g h l y  sa l i ne soi l . Howeve r  seed was of 
poor q u a l i ty ,  s h r i v e l l ed ,  a nd d i scolored . Rad i c l e  g rowth s hoot 
g rowth , a n d  germ i n at ion , were red uced a n d  somet imes i n h i b ited at 
ce rta i n  osmot ic  poten t i a l s .  I t  appea red osmot ic  a n d  ion effects ope rated 
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depend i ng on genotype a nd osmot icum .
· 
Somet imes N a +  a n d  Ca + +  gave 
favou rab le  effects i n  germ i nation , rad ic le ,  a n d  s hoot e lon g ation . 
C h ickpea acces s ion s were germ i nated u nd e r  l a bo rato ry 
con d it ions  at con sta nt  temperatu res of ; 1 0, 1 5 , 20, 25,  30 , a nd 
a lternati ng 20 a n d  30 ° C  ( 8  a n d  1 6  h rs respect ive ly) fo r 1 0  days . 
T h e re was a temperatu re opt i ma for rad ic le  a n d  s hoot g rowt h , below 
a n d  a bove wh ich  g rowth was red uced . T h e  optim u m  temperatu re for 
g rowth wa s 25 ° C  wh i l e 1 0 ° C  wa s i n h i b ito ry to g rowth a n d  root b ra nch 
i n i t i at ion , w h i c h  o n l y  sta rted at 1 5 ° C .  G enotype x e n v i roment 
i nteract ion s we re l a rg e ,  i n d i cat i n g  d i ffe rent i a l  res pon se to temperatu re . 
T h e  res u l ts of th i s  stu dy s h owed va r i a b i l ity i n  root 
morphology a mong c h i c kpea genotypes , nota b ly  betwee n  Des i a n d  Kab u l i  
types . T h e  pattern  i s  s uch t h at Kab u l i  types ra n ked h ig h  i n  t h e  
mea s u red att r i b utes ( root b ra nc h i n g  den s ity,  ta p root d i ameter a n d  root 
le n gth ) .  Major  d i ffe ren ces i n  root mo rphology were located with i n  t h e  
top 1 8cm of the  soi l p rof i l e ,  h e n ce root beh a v iou r i n  th i s  reg ion cou l d  
b e  c h a racter i st ic  of root morp hology i n  ch i c kpea . Root b ra nch i n g  
de n s ity i n  pa rt icu l a r  i s  a con s i stent cha racter w h i c h  may b e  u sed a s  a . 
cr iter i a  for root system stu d i es . Root mo rp hology of c h i c kpea va r ies  
w ith  e n v i ro n ment b ut th e trend is  ma i nta i n ed in  terms  of mag n i tude . 
Kabu l i  types ma i nta i n  con s i ste n cy i n  root morpho logy u n d e r  d iffe ren t  
e n  v i  ron menta l con d i t ion s .  La rge genotype x en v i ro n ment  i nte ract ion s 
s u ggest a pos s i b i l ity of s el ect ion fo r to l e ra nce to advers e  e n v i ron menta l 
con d it ion s . However root stu d i es i n  the futu re may i n vol ve  co r re l at ions 
to genotypic d ifferen ces w h i c h  have been ident if ied by oth e r  ways . 
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A P PEND IC ES 
A P PEND IX A 
L i st of Accessions Used in Salinity Exper iment 
ENTRY ORIGIN SEED 
- - - - - -
ILC 5 19 Egypt Cream 
I CC 4948 India Brown 
FLIP 8 1 -3 2  I CARDA Cream 
I LC 1 9 34 I ran Cream 
FLIP 80 - 1  I CARD A Cream 
ICC 5 003  India Brown 
ILC 1 34 Spain Cream 
FLI P  8 0 - 2  I CARDA Cream 
I LC 493  Turkey Cream 
I LC 8 3  Spain Cream 
ICC 10 136  India Brown 
FLIP 8 1 -5 8  I CARDA Cream 
ILC 6 10 Tunis ia Cream 
I LC 464 Turkey Cream 
ICC 49 18  India Brown 
ILC 1 16 Spain Cream 
ILC 19 3 1  Turkey Cream 
FLIP 80 -5 ! CARDA Cream 
ILC 136  Spain Cream 
I LC 7 6  Spain Cream 
I LC 165 Tunis ia Cream 
I LC 132  Spain Cream 
I LC 254  Turkey Cream 
I LC 135  Spain Cream 
6_7 
A P PEND I X  B 
Soil Test Results 
Soi l  OM p K pH mmHo/ cm Soluble  Sodium 
( meq/ 1 )  
- - - - - - - - - - - - - - - - - - - - -
Ludden cultivated 2 . 4  88 9 9 0  6 . 8  0 . 7 
Ludden uncult ivated 5 . 7  1 9  9 9 0  6 . 5  0 . 7 
Ryan cult ivated 2 . 7 63  990  6 . 7 0 . 7 
Ryan uncult ivated 3 . 2  9 8  9 9 0  7 . 3  4 . 0 32  
Greenhous e mixture 2 . 6  20 165 7 . 0  0 . 7 6 
A P PEND I X  C 
C h ange in Moistu re Content with Pot Depth for D ifferent Treatments 
Mois ture leve l t reatments 
Depth 0 . 06 0 . 08 0 . 15 0 . 26 
2 0 . 16 0 . 16 0 . 16 0 . 29 
4 0 . 10 0 . 10  0 . 15 0 . 25 
6 0 . 08 0 . 09 0 . 15 0 . 23 
8 0 . 02 0 . 08 0 . 14 0 . 23 
68 
AP PEND I X  D 
1 00  Seed Weight for Accessions Used in Root st udies 
Acces s ion Weight ( g) 
ICC 49 18  15 . 6  
I CC 58 1 0  14 . 1 
ICC 1 15 24 15 . 9  
I LC 19 19  22 . 9  
I LC 482 28 . 2  
I LC 134 43 . 3  
69 
Water Co n t e n t  · .  
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